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An optimal set of 1050 rovibronic energy levels for 35 triplet electronic states of D2 
has been obtained by means of a statistical analysis of all available wavenumbers of 
triplet-triplet rovibronic transitions studied in emission, absorption, laser and anti- 
crossing spectroscopic experiments of various authors. We used a new method of the 
analysis (Lavrov, Ryazanov, JETP Letters, 2005), which does not need any a priori 
assumptions concerning the molecular structure being based on only two fundamen- 
tal principles: maximum likelihood and Rydberg-Ritz. The method provides the 
opportunity to obtain the estimation of uncertainties of experimental wavenumbers 
independent from those presented in the original papers. 234 from 3822 published 
wavenumber values were found to be spurious, while the remaining set of the data 
may be divided into 19 subsets of uniformly precise data having close to normal 
distributions of random errors within the subsets. New wavenumber values of 125 
questionable lines were measured in the present work (20-th subset). Optimal values 
of the rovibronic levels were obtained from the experimental data set consisting of 
3713 wavenumber values (3588 old and 125 new). The unknown shift between lev- 
els of ortho- and para- deuterium was found by least squares analysis of the 
u = 0, = 18 rovibronic levels with odd and even values of N. All the energy 
levels were obtained relative to the lowest vibro-rotational level (f = 0, A^ = 0) 
of the o^S^ electronic state and presented in tabular form together with standard 
deviations (SD) of the semi-empirical determination. New energy level values differ 
significantly from those available in literature. 
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Introduction 

It is well known that diatomic hydrogen, being the simplest neutral molecule, has a most 
sophisticated emission spectrum. The hydrogen band spectrum, caused by spontaneous 
emission due to electronic-vibro-rotational (rovibronic) transitions, does not show a visible, 
easily recognizable band structure, but has the appearance of a multiline atomic spectra. 
The peculiarity of molecular hydrogen and its isotopic species - abnormally small nuclear 
masses - leads to high values of vibrational and rotational constants and large separation 
between vibrational and rotational levels of various excited electronic states. As a result, 
various rovibronic spectral lines belonging to different branches, bands and band systems are 
located in the same spectral regions, leading to the overlap of various band systems, bands 
and branches, as well as the mixing of rovibronic spectral lines having different origins. The 
small nuclear masses stimulate a breakdown of the Born-Oppenheimer approximation due 
to electronic-vibrational and electronic-rotational perturbations having both regular and 
irregular character; this combination seriously complicates the interpretation of the spectra 
of hydrogen isotopomers and the unambiguous identification of rovibronic spectral lines. 
Symmetry rules for permutation of identical nuclei in homo nuclear isotopomers (H2,D2 and 
T2) cause the known effect of the intensity alternation of neighbouring lines within the 
rotational structure of bands due to the alternation in degeneracy of successive rotational 
levels with odd and even values of rotational quantum number (e.g. 1:2 in the case of 
D2). This effect also masks the visible structure of branches resulting in serious additional 
difficulties for identification of rovibronic spectral lines. Thus, most of the lines in the optical 
spectra of hydrogen isotopomers have not yet been assigned in spite of tremendous efforts by 
spectroscopists over the previous century [l|,y, 3|,Ql. As an example, in the latest compilation 
of experimental data for molecular deuterium D2 the working list of 27488 measured lines 
contains only 8243 assignments. These assignments were obtained by traditional methods 
of analysis using wavenumber combination differences (method of common differences) and 
Dunham series expansions , sometimes together with comparison of molecular constants 
obtained for different isotopic species 2|]. Later the results of ab initio and semi-empirical 
calculations were taken into account ^. 

Currently, available information concerning triplet rovibronic energy level values of D2 
molecule exists in the form of the list of molecular constants for Dunham expansions in the 



NIST database [5j, and tables of rovibronic levels obtained in Ref. [4]. 

In the case of the hydrogen molecule the Dunham coefficients are known to provide a 
very poor description of the rovibronic energy level values Gj. The data reported in Ref. 
{4], in general, give a rather good description of the D2 spectrum (about 0.05 cm^^), but 
they are also not free from criticism. The method of the analysis used in Ref. is based 
on the common use of the combination differences, some selected wavenumbers for certain 
transitions and one by one multistage treating of separate branches, bands and band systems. 
The sequence of the steps chosen in Ref. ^ is not the only possible analytical arrangement. 
Therefore, the data thus obtained can not be considered as an optimal set of levels providing 
the best description of observed wavenumber values. It should also be mentioned that after 
publication of Ref. |4], new experimental data on the wavenumbers appeared [3, Q]. 

Recently, a new method of statistical analysis of the rovibronic transition wavenumbers 
has been proposed [S] and successfully applied for the derivation of rovibronic level values 



of the singlet states of the BH molecule [lOl] and some triplet states of H2 [l2l]. The method 
is based on only two fundamental principles: Rydberg-Ritz and maximum likelihood. This 
approach differs from known techniques in several aspects: 1) does not need any assumptions 
concerning an internal structure of a molecule; 2) no intermediate parameters, such as 
molecular constants used in the traditional approach, are used; 3)a one-stage optimization 
procedure can be used for all available experimental data obtained for various band systems, 
by various methods and authors, and in various works; 4) provides the opportunity of 
a rational selection of the experimental data in an interactive mode (thus allowing the 
user the option to eliminate obvious errors, to revise incorrect line identifications, and to 
compare various sets of experimental data for mutual consistency); 5) gives an opportunity 
of independent estimation of experimental errors by means of the analysis of the shape 
of error distributions; 6) provides an optimal set of rovibronic level values as well as the 
uncertainties of their determination (standard deviations SD) caused only by the quantity 
and quality of existing experimental data 



The goal of the present paper is to report the results of applying the new method 91] 
for statistical analysis of the rovibronic spectral line wavenumbers of triplet band systems 
and the determination of the optimal set of rovibronic energy levels for all known 35 triplet 
electronic states of molecular deuterium: c'^n+, c^II", (i^n+, (i^n~, e'^S+, 

^3n+ ^3n-, _^-3A+, j3A-, pn+, k^n-, n^n^, n^n-, p'^, g3s+, r3n+, r^n;, 
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s^a;, s'A;, «3n+ «3n-, ^7pfu+, (7p)3n-, (8p)3n+, (8p)3n-, (9p)^n+, (gpfu-, (6rf)3s+ 

(7d)3S+, (8d)3S+ and {9df^+. 

The method of analysis and determination of optimal set of rovibronic energy levels 

The method of assessment is based on the minimization of the weighted mean-square 
deviation between observed ^'"va/^" and calculated (as differences of adjustable energy levels 
En"v"N", En' v'N') values of rovibronic line wavenumbers, or the sum 



n"v"N" 
n'v'N' 



(TP W \ ,,n"v"N" 

[^n"v"N" — ^n'v'N') — ^n'v'N- 

(7 n"v"N" 
n'v'N' 



(1) 



where n denotes the electronic state, v is the vibrational quantum number, and is 
the rotational quantum number of total angular momentum of a molecule excluding spins 
of electrons and nuclei. Upper and lower rovibronic levels are marked by double and sin- 
gle primes, respectively. The values a n"v"N" are experimental root-mean-square (RMS) 

n'v'N' 

errors (one SD), and the summation is over all inputed experimental data. The Vn'v'ii' 
and a n"v"N" values are the input data, while the optimal set of energy levels EnvN and 

n'v'N' 

the calculated standard deviations of their determination (Te^vn output data from the 
computer code. Due to the linearity of the equations used, the optimization problem reduces 
to the solution of a system of linear algebraic equations |9(]. 

It should be stressed, that for a realization of the method it is necessary to know the 
proper estimation of the SD for every experimental datum, or be able to divide the whole 
data set into a finite number of groups (subsets, samples) of data measured with the same 
precision. Then all data belonging to each subset may be characterized by a certain com- 
mon value of SD. In the present study we assumed that systematic errors are eliminated 
(except occasional spurious data), and random errors should possess the normal (Gaussian) 
distribution function. 

The method requires the known RMS errors of the wavenumbers in the process of de- 
termination the optimal level values for three purposes. Firstly, weightening of the input 
data depends on these values. Secondly, the rational selection of input data is based on a 
comparison of an experimental RMS uncertainty (common for a sample of data under the 
study) with differences between experimental wavenumbers of the lines (included into this 
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sample) and those calculated from the optimal values of the energy levels . Finally, estimates 
of uncertainties of the optimal level values, (Je„^n calculated by taking into account the 
input wavenumber RMS errors a^- 

Unfortunately only a few original works with experimental wavenumber data contain 
information on the accuracy of the listed values. And even in these cases the error estimations 
are of uncertain reliability. Therefore, it was necessary to obtain independent estimates of 
the wavenumber errors cr^. Our method provides the opportunity to obtain the estimates of 
uncertainties of experimental wavenumbers independent from those presented in the original 
papers. 



Statistical analysis 

The method of analysis consists of analyzing the distribution function F{C,) of the variable 

'in'v'N' — ■ 

(T n"u"iV" 
n'v'N' 

Energy level values En"v"N" and En'v'N' are obtained by the minimization of Eq.([T]) 
without using the Vni^'i'jq!" wavenumber value. In favorable cases this distribution should be 
close to the normal distribution with an average value equal to zero and variance equal to 
unity, namely 

FoiO = ^ J e"*^^- (3) 

— oo 

The analysis of the shape of the distribution function F{C,) for various groups (samples) of 
experimental data provides an opportunity to estimate the RMS errors of experimental data 
reported in various works by the rational selection of experimental data and determination of 
proper values of experimental uncertainties a „"v"n"- Experimental data which have shown 
unreasonably large deviations larger then 3) were excluded as spurious results. Then 
the value of an experimental RMS uncertainty (unique for all lines belonging to the same 
sample) was adjusted in such a way that the distribution function F{^) of a certain sample 
becomes close to the normal distribution function represented by Eq.([3]). 

All available values of rovibronic transition wavenumbers studied in emission, absorption, 



laser and anticrossing spectroscopic experiments of various authors were analyzed 
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17l | . Fine and hyperfine structures of rotational levels were ignored. In 
the case of resolved and partly resolved fine structure, the wavenumber of the strongest 
component was used. 

The statistical analysis of the 3822 published wavenumber values has shown that 234 
experimental data (for 228 spectral lines) should be excluded from further consideration as 
being spurious. The list of spurious data is presented in Table [Tll The remaining set of 3588 
wavenumber values could be divided into 19 subsets (samples) of uniformly precise data 
having close to the normal distribution functions for random experimental errors. All the 
wavenumber data within each sample may be characterized by the same value of the RMS 
uncertainty (one SD). The uncertainty estimates obtained in the present paper for various 
bands Are shown in Table [B 



Experimental determination of wavenumbers for questionable lines 

135 of the 228 questionable lines are located within the wavelength range available for us 
(430-730 nm). Therefore we decided to provide an independent experimental determination 
of their wavenumbers. For that purpose we used the emission spectra of D2 obtained during 
our previous studies of translational and rotational temperatures in hydrogen and deuterium 
containing plasmas jl8| . A detailed description of the experimental setup has been reported 



elsewhere 19|]. Capillary arc discharge lamps DDS-30 described in Ref. 20!] have been used 
as light sources. They were filled with about 6 Torr of spectroscopically pure D2 + H2 
(9:1) mixture. The range of the discharge current was from 50 to 300 mA (current densities 
j = 1.6 -7- 10 A/cm"^). Light from the axis of the plasma inside the capillary was directly 
focused by an achromatic lens on the entrance slit of the Czerny- Turner type 1 m double 
monochromator (Jobin Yvon, UIOOO). The intensity distribution in the focal plane of the 
spectrometer was recorded by a cooled CCD matrix detector of the Optical Multichannel 
Analyser (Princeton Appl. Res., OMA- Vision-CCD System). 

Assignments and wavelength values from Ref. were used for identification of D2 spec- 
tral lines in the spectrum. These values show a certain spread around monotonic dependence 
of the wavenumber from the distance along the direction of dispersion in the focal plane of 
the spectrograph. For the majority of strong, unblended lines, this scatter was within the 
error bars of 0.05 cm~^ reported in Ref. jj]. 
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Assuming the dispersion of the spectrograph to be a monotonic function of the coordinate 
in the focal plane of the spectrograph, new wavenumber values for 125 of the questionable 
spectral lines were obtained by polynomial approximation of the dispersion curve. The new 
data thus obtained are listed in Table IIIII together with the data reported earlier. One 
may see that new experimental wavenumber values are significantly different from those 
from the literature. Moreover, our data are in much better agreement with Rydberg-Ritz 
combination principle. The intensities of the remaining 10 questionable lines were too weak 
to be detectable in the experimental conditions. 

Statistical analysis of the deviations given by Eq.(l2]) have shown that the 125 new 
wavenumber values represent the sample of the experimental data with the distribution 
function F{C,) close to normal distribution, corresponding to the value of standard deviation 
a^, = 0.06 cm~^ common for all 125 lines. Such a relatively high value of the experimental 
uncertainty arises because most of questionable lines are quite weak and are partly blended 
with stronger lines. Nevertheless, our new data are in better agreement with the optimal 
set of energy levels, obtained by the minimization of Eq. ([T]) with the input data set in which 
234 spurious wavenumber values were omitted, and the 125 new experimental data are in- 
cluded. Thus, new experimental data obtained in the present work are in good agreement 
with the wavenumbers of all other lines referencing the initial and final rovibronic levels of 
those questionable lines. 

Results 

Optimal values of 1050 triplet rovibronic energy levels of D2 have been obtained by the 
minimization of Eq.([l]) with the input experimental data set consisting of 3713 wavenumber 
values (3588 old and 125 new). The unknown shift between levels of ortho- and para- 
deuterium was obtained by least squares analysis of the f = 0, = - 18 levels 
with odd and even values of the rotational quantum number N. All the energy levels were 
obtained relative to the lowest vibro-rotational level (f = 0, A^ = 0) of the state and 
presented in Table IIVI together with the SD of the semi-empirical determination. Absolute 
values of the triplet rovibronic levels relative to the f = 0, A^ = ground rovibronic 
state of D2 may be obtained by adding the difference (-Eaoo — Exoo) = 95348, 22 cm ~^ from 
Ref. 14 to our level values. 



Energy level values obtained in the present work are now incorporated into the database 
of the Atomic and Molecular (A+M) Data Unit of the International Atomic Energy Agency 
(IAEA). 



Conclusion 

A detailed comparison of the optimal set of rovibronic levels with the data reported in 
Ref. 0, 5] will be presented in a separate paper (see also [21]). 
Most of the differences between our data and those from Ref. 



the values reported in Ref.j4| as an estimation of the one standard deviation uncertainty of 
the energy levels. On the other hand, most of those differences are sufficiently larger than 
the SD of our data, which normally are within the range of 0.004 -4- 0.03 cm^^ and depend 
on the value of the rotational and vibrational quantum numbers. Therefore, the deviations 
of the data obtained in Ref. from our optimal level values are significant. 

Thus, the optimizational approach to the problem allows us to obtain significantly higher 
precision in derivation of the energy level values from measured wavenumbers of rovibronic 
spectral lines of D2 molecule. 
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TABLE I: RMS uncertainties a of experimental wavenumbers of rovibronic lines for the (v'-v") 
bands of various electronic transitions of D2 molecule obtained in the present work by pure statis- 
tical analysis independent from the estimates reported in original experimental papers. Standard 
deviations for the uncertainties are shown in brackets in units of last significant digit. 



Electron transition 


Band 


1 

CT, cm 


Electron transition 


Band 


1 

CT, cm 




3 - 





0.076(7) 




7 - 


5 


0.0245(5) 


a3S+ - c3n„ 


3 - 





0.076(7) 




7 - 


6 


0.0072(3) 




4 - 


1 


0.052(3) 




7 - 


7 


0.0245(5) 




4 - 


2 


0.0245(5) 




7 - 


8 


0.052(3) 




5 - 


3 


0.052(3) 




7 - 


9 


0.052(3) 




- 





0.0154(3) 




8 - 


5 


0.09(1) 




- 


1 


0.0154(3) 




8 - 


6 


0.0072(3) 




- 


2 


0.052(3) 




8 - 


7 


0.0245(5) 




1 - 





0.0154(3) 




8 - 


8 


0.12(3) 




1 - 


1 


0.0154(3) 




8 - 


9 


0.0072(3) 




1 - 


2 


0.0154(3) 




8 - 


10 


0.052(3) 




1 - 


3 


0.0072(3) 




9 - 


7 


0.10(2) 




2 - 





0.0154(3) 




9 - 


8 


0.09(1) 




2 - 


1 


0.0072(3) 




9 - 


9 


0.052(3) 




2 - 


2 


0.0154(3) 




9 - 


10 


0.052(3) 




2 - 


3 


0.0154(3) 




10 - 


8 


0.052(3) 




2 - 


4 


0.0154(3) 




10 - 


9 


0.052(3) 




3 - 


1 


0.035(1) 




- 





0.0154(3) 




3 - 


2 


0.0154(3) 




- 


1 


0.0154(3) 




3 - 


3 


0.0154(3) 




1 - 





0.0154(3) 




3 - 


4 


0.0245(5) 




1 - 


1 


0.0072(3) 




3 - 


5 


0.0154(3) 




1 - 


2 


0.035(1) 




4 - 


2 


0.0154(3) 




1 - 


4 


0.052(3) 




4 - 


3 


0.0154(3) 




2 - 





0.035(1) 




4 - 


4 


0.0245(5) 




2 - 


1 


0.0154(3) 




4 - 


5 


0.0154(3) 




2 - 


2 


0.0245(5) 




4 - 


6 


0.044(2) 




2 - 


3 


0.035(1) 




5 - 


2 


0.0245(5) 




3 - 





0.0154(3) 




5 - 


3 


0.0072(3) 




3 - 


1 


0.0072(3) 




5 - 


4 


0.0154(3) 




3 - 


2 


0.0072(3) 




5 - 


5 


0.0245(5) 




3 - 


3 


0.0154(3) 




5 - 


6 


0.0072(3) 




3 - 


4 


0.0245(5) 




5 - 


7 


0.035(1) 




3 - 


6 


0.063(5) 




5 - 


8 


0.12(3) 




3 - 


7 


0.09(1) 




6 - 


3 


0.0154(3) 




4 - 





0.0072(3) 




6 - 


4 


0.0245(5) 




4 - 


1 


0.0154(3) 




6 - 


5 


0.0072(3) 




4 - 


2 


0.0154(3) 




6 - 


6 


0.0154(3) 




4 - 


3 


0.0072(3) 




6 - 


7 


0.0072(3) 




4 - 


4 


0.0154(3) 




6 - 


8 


0.0072(3) 




4 - 


5 


0.0154(3) 




7 - 


4 


0.0245(5) 




4 - 


7 


0.035(1) 
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Table IB (Continued.) 



Electron transition 


Band 


0", cm ^ 


Electron transition 


Band 


0", cm ^ 


e^S+ — a^S+ 


4 - 8 


0.052(3) 




1 - 





0.0154(3) 




5 - 1 


0.035(1) 




1 - 


1 


0.0154(3) 




5 - 2 


0.0154(3) 




1 - 


2 


0.0245(5) 




5 - 3 


0.0072(3) 




2 - 





0.0245(5) 




5 - 4 


0.0072(3) 




2 - 


1 


0.0245(5) 




5 - 6 


0.0154(3) 




2 - 


2 


0.0154(3) 




5 - 8 


0.063(5) 




2 - 


3 


0.0154(3) 




6 - 1 


0.0245(5) 




- 





0.0245(5) 




6 - 2 


0.0245(5) 




- 


1 


0.063(5) 




6 - 3 


0.0154(3) 




1 - 





0.076(7) 




6 - 4 


0.0154(3) 




1 - 


1 


0.0154(3) 




6 - 5 


0.0072(3) 




1 - 


2 


0.035(1) 




6 - 6 


0.0245(5) 




2 - 


1 


0.044(2) 




7 - 2 


0.0154(3) 




2 - 


2 


0.035(1) 




7 - 3 


0.0154(3) 




3 - 


2 


0.0154(3) 




7 - 4 


0.0072(3) 




3 - 


3 


0.0154(3) 




7 - 5 


0.0154(3) 




4 - 


3 


0.035(1) 




7 - 6 


0.044(2) 




4 - 


4 


0.0154(3) 




7 - 7 


0.0245(5) 




- 





0.044(2) 




8 - 2 


0.0245(5) 




- 


1 


0.052(3) 




8 - 3 


0.0154(3) 




1 - 


1 


0.0154(3) 




8 - 4 


0.0154(3) 




2 - 


2 


0.0072(3) 




8 - 5 


0.0154(3) 




2 - 


2 


0.0154(3) 




8 - 6 


0.0154(3) 




3 - 


3 


0.0072(3) 




8 - 7 


0.0245(5) 




4 - 


4 


0.0072(3) 




8 - 8 


0.0245(5) 




4 - 


5 


0.035(1) 




9 - 3 


0.035(1) 


i^U+ - c^Uu 


- 





0.0245(5) 




9 - 4 


0.0072(3) 




- 


1 


0.076(7) 




9 - 5 


0.0154(3) 




1 - 





0.044(2) 




9 - 6 


0.0154(3) 




1 - 


1 


0.035(1) 




9 - 7 


0.044(2) 




1 - 


2 


0.044(2) 




9 - 8 


0.035(1) 




2 - 


2 


0.044(2) 




10 - 3 


0.035(1) 




3 - 


3 


0.0245(5) 




10 - 4 


0.035(1) 




4 - 


4 


0.035(1) 




10 - 5 


0.035(1) 




- 





0.0245(5) 




10 - 6 


0.035(1) 




- 


1 


0.076(7) 




10 - 7 


0.035(1) 




1 - 





0.044(2) 




10 - 8 


0.035(1) 




1 - 


1 


0.035(1) 




10 - 9 


0.035(1) 




1 - 


2 


0.044(2) 




- 


0.035(1) 




2 - 


1 


0.0154(3) 




- 1 


0.044(2) 




2 - 


2 


0.044(2) 
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Table m (Continued.) 



Electron transition 


Band 


0", cm ^ 


Electron transition 


Band 


a, cm ^ 






2 - 


3 


0.0245(5) 




- a'^j 


5 - 


5 


0.035(1) 






3 - 


3 


0.0245(5) 






5 - 


6 


0.035(1) 






4 - 


4 


0.035(1) 






5 - 


7 


0.052(3) 






- 





0.035(1) 






6 - 


4 


0.035(1) 






1 - 


1 


0.035(1) 






6 - 


5 


0.0154(3) 






2 - 


2 


0.076(7) 




- a'^t 


- 





0.044(2) 






- 





0.0245(5) 






- 


1 


0.052(3) 






1 - 





0.044(2) 






1 - 





0.0245(5) 






1 - 


1 


0.0245(5) 






1 - 


1 


0.035(1) 






2 - 


1 


0.035(1) 






1 - 


2 


0.044(2) 






2 - 


2 


0.0245(5) 






2 - 


1 


0.10(2) 






3 - 


3 


0.0154(3) 






2 - 


2 


0.044(2) 






- 





0.0245(5) 






2 - 


3 


0.0154(3) 






- 


1 


0.0154(3) 






3 - 


2 


0.063(5) 






1 - 





0.044(2) 






3 - 


3 


0.044(2) 






1 - 


1 


0.0245(5) 






3 - 


4 


0.0072(3) 






1 - 


2 


0.0245(5) 




-c3n„ 


- 





0.076(7) 






2 - 


1 


0.035(1) 






- 


1 


0.13(3) 






2 - 


2 


0.0245(5) 






1 - 





0.09(1) 






2 - 


3 


0.0072(3) 






1 - 


1 


0.0154(3) 






3 - 


2 


0.052(3) 






1 - 


2 


0.09(1) 






3 - 


3 


0.0154(3) 






2 - 


1 


0.044(2) 






3 - 


4 


0.035(1) 






2 - 


2 


0.063(5) 






4 - 


4 


0.052(3) 






2 - 


3 


0.12(3) 






5 - 


5 


0.076(7) 






3 - 


3 


0.0154(3) 


f\ 




- 





0.10(2) 






4 - 


4 


0.0245(5) 






- 





0.0245(5) 






- 





0.063(5) 






- 


1 


0.0245(5) 






- 


1 


0.063(5) 






1 - 





0.035(1) 






1 - 


1 


0.0245(5) 






1 - 


1 


0.035(1) 






2 - 


2 


0.052(3) 






1 - 


2 


0.035(1) 




- c^n„ 


- 





0.0245(5) 






2 - 


1 


0.0245(5) 




Q T— r 

-c3n„ 


- 





0.052(3) 






2 - 


2 


0.0154(3) 




-c3n„ 


- 





0.052(3) 






2 - 


3 


0.0072(3) 




e Zj„ 


- 





0.09(2) 






3 - 


2 


0.0154(3) 




-c3n„ 


- 





0.035(1) 






3 - 


3 


0.0245(5) 






1 - 





0.044(2) 






3 - 


4 


0.0245(5) 






1 - 


1 


0.0154(3) 






4 - 


3 


0.0245(5) 






1 - 


2 


0.063(5) 






4 - 


4 


0.044(2) 






2 - 


1 


0.13(3) 






4 - 


5 


0.0245(5) 






2 - 


2 


0.0245(5) 






5 - 


4 


0.052(3) 






2 - 


3 


0.10(2) 
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TABLE II: Upper and lower rovibronic levels of spectral lines, which wavenumber values (reported 
in various articles) were excluded as outliers from further statistical analysis, cjy is experimental 
RMS uncertainty for all other lines of the same band. 0-C denotes the differences between Observed 
wavenumber values and those Calculated as differences of corresponding optimal energy level values 
obtained in the present work. 



Upper electronic state 


v' 


N' 


Lower electronic state 


v" 


N" 




0-C 


Source 




3 


2 




2 


3 


0.007 


+0.02 


v\ 




3 


4 


c3n+ 


2 


3 


0.007 


+0.87 


[7] 




3 


3 




3 


4 


0.007 


-0.09 






7 


6 




3 


7 


0.007 


-0.14 


[14] 


U 


7 


8 




3 


7 


0.007 


-0.02 


[14] 


U 


3 


7 




1 


8 


0.007 


-0.05 






4 


3 


a3E+ 


3 


2 


0.007 


-0.02 


[4] 




5 


3 


a3E+ 


3 


2 


0.007 


+0.07 


[4] 




5 


2 


a3E+ 


3 


3 


0.007 


+0.02 


[4] 

L J 




6 


2 


a3S+ 


5 


3 


0.007 


+0.05 




U 


6 


5 




5 


4 


0.007 


+0.16 






6 


6 




5 


7 


0.007 


+0.22 






7 


7 


a3s+ 


4 


6 


0.007 


-0.03 






1 


1 


a3E+ 


3 


2 


0.007 


-0.16 


[4] 


d^Ji+ 


1 


3 




3 


2 


0.007 


-0.06 


[4] 


d^H- 


1 


5 


a3S+ 


3 


5 


0.007 


-0.16 


[4] 


d^n- 


1 


6 




3 


6 


0.007 


+0.16 


[4] 


d^nt 


2 


2 


a3s+ 


1 


1 


0.007 


+0.06 


[4] 


d^nt 


2 


6 


a3s+ 


1 


5 


0.007 


+0.03 




d^Ji+ 


2 


7 


a3S+ 


1 


6 


0.007 


-0.03 


f4] 


d^ii+ 


2 


9 


a3S+ 


1 


8 


0.007 


-0.05 


[4] 


d^n- 


5 


6 


a3S+ 


3 


6 


0.007 


-0.17 




d^n- 


5 


8 


o3S+ 


3 


8 


0.007 


+0.07 




d^ii- 


7 


5 


a3s+ 


6 


5 


0.007 


+0.18 






2 


1 


o3S+ 


3 


2 


0.007 


-0.14 


[4] 


k^ii+ 


2 


3 


a3S+ 


3 


2 


0.007 


+0.21 


[4] 




2 


5 


9 


3 


4 


0.007 


+0.09 


[4] 




2 


2 




3 


1 


0.007 


-0.03 


[4] 




2 


5 




1 


4 


0.015 


+0.28 


[7] 




2 


4 




1 


5 


0.015 


+0.09 


m 




2 


5 




1 


5 


0.015 


+0.15 


m 




2 


6 




1 


5 


0.015 


+0.27 


m 




1 


3 




1 


4 


0.015 


-0.22 






1 


4 




1 


5 


0.015 


-0.09 


[4] 




1 


4 


a3E+ 





3 


0.015 


+0.09 


[4] 




1 


12 


a3E+ 





11 


0.015 


+0.08 


[4] 




1 


14 


a3s+ 





15 


0.015 


+0.19 





Table nil (Continued.) 



Upper electronic state 


v' 


N' 


Lower electronic state 


v" 


N" 




0-C 


Source 




2 


6 


3v-i-t- 





7 


0.015 


+0.26 


[14] 




2 


8 







7 


0.015 


-0.05 


[14] 




2 


9 







8 


0.015 


+0.05 


[14] 




4 


5 




2 


6 


0.015 


-0.13 


[14] 




4 


7 




2 


8 


0.015 


+0.06 


[14] 




6 


5 




4 


6 


0.015 


-0.06 


[14] 




6 


7 




4 


8 


0.015 


+1.10 


[14] 




7 


1 




5 


2 


0.015 


-4.22 


[14] 




7 


3 




5 


2 


0.015 


+4.20 


M 







9 




1 


10 


0.015 


-0.11 






3 


7 







6 


0.015 


-0.04 


\£ 




3 


10 







9 


0.015 


+0.23 


r ^ 1 




3 







3 


1 


0.015 


+0.11 






4 


7 




1 


8 


0.015 


-0.07 


r A^ 

HI 




4 


7 




1 


8 


0.015 


-0.08 


[14] 




4 


5 




4 


6 


0.015 


+0.15 


[4] 




5 


5 




2 


6 


0.015 


+0.07 






5 


3 




6 


4 


0.015 


-0.08 


\M 




6 


8 




3 


9 


0.015 


+0.09 


[4] 




7 


4 




3 


5 


0.015 


-0.03 


[4] 




7 


8 




3 


7 


0.015 


+0.13 


[4] 




8 


1 




3 





0.015 


+0.05 


[4] 




8 


4 




4 


3 


0.015 


-0.05 


\M 




8 


4 




4 


5 


0.015 


-0.10 


\£ 




8 


5 




6 


6 


0.015 


-0.07 


\M 




9 


3 




5 


4 


0.015 


-0.19 


r A 1 

[4] 




9 


5 




5 


4 


0.015 


-0.10 


r ^ 1 

\M 




9 


1 




6 





0.015 


+0.10 


[4] 




9 


2 


3^^+ 


6 


1 


0.015 


-0.10 


r A 1 




9 


7 




6 


8 


0.015 


+0.11 


\£ 




1 


4 







5 


0.015 


-0.08 


m 




1 


3 


a3S+ 


1 


2 


0.015 


+0.07 






2 


2 


a3S+ 


3 


1 


0.015 


-0.06 


[4] 




2 


2 


a3S+ 


3 


3 


0.015 


+0.09 


[4] 
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Table ni (Continued.) 



Upper electronic state 


v' 


N' 


Lower electronic state 


v" 


N" 




0-C 


Source 




2 


1 




2 


2 


0.015 


-0.08 


[13] 




2 


6 




2 


5 


0.015 


+1.33 


[13] 


I'i-n-l- 


2 


7 


x-i-U 


2 


6 


0.015 


-1.20 


[13] 


dm+ 


2 


7 




2 


8 


0.015 


+0.06 


[13] 


dm+ 


3 


4 




2 


5 


0.015 


-0.50 


[13] 


d^U+ 


3 


5 




2 


6 


0.015 


+0.31 


[13] 


I'^-n — 


4 


6 




3 


6 


0.015 


-0.08 


[13] 


d^^u 


4 


3 




4 


3 


0.015 


-0.11 


[13] 




5 


5 




4 


5 


0.015 


-0.06 


[13] 







10 




1 


9 


0.015 


+0.09 


[4] 


dm+ 


1 


1 







2 


0.015 


+0.09 


[4] 


I'^T-T 

d^U^ 


1 


2 







2 


0.015 


+0.36 




n+ 


1 


4 







5 


0.015 


+0.06 


r w 1 

[4] 


i'\-t-r — 


1 


1 




1 


1 


0.015 


-0.07 


[4] 


d^U^ 


1 


10 




1 


10 


0.015 


-0.05 


[4] 


I'i-n 


1 


10 




2 


10 


0.015 


+0.03 


[4] 


t'^t-t 

d^U^ 


2 


1 







1 


0.015 


+0.09 


\M 


d^U+ 


2 


8 




2 


7 


0.015 


+0.04 


[4] 


d^ut 


2 


9 




2 


8 


0.015 


+0.05 


[4] 


I'i-i-r 

d^n^ 


2 


6 




3 


6 


0.015 


+0.05 


[4] 


i'i-n 


2 


9 




3 


9 


0.015 


+0.08 


[4] 




2 


5 




4 


5 


0.015 


+0.12 


[4] 


I'i-t-r — 


2 


7 




4 


7 


0.015 


+0.21 


\M 


7'?-r-r4- 

d^U+ 


3 


6 




3 


5 


0.015 


-0.09 


\M 


dm+ 


3 


1 




5 


2 


0.015 


-0.09 




d-^u+ 


3 


2 




5 


3 


0.015 


+0.09 


[4] 


dm+ 


3 


4 




5 


5 


0.015 


+0.05 


[4] 


dm+ 


4 


7 




2 


8 


0.015 


-0.05 


\M 


j3tt+ 


4 


2 




3 


3 


0.015 


+0.11 


r A 1 




4 


2 




3 


3 


0.015 


+0.12 


[13] 


d^ut 


4 


7 




3 


6 


0.015 


+0.07 


\M 


d'Ut 


4 


7 


a3S+ 


3 


6 


0.015 


+0.07 


[13] 


d^u- 


4 


7 


a3S+ 


5 


7 


0.015 


+0.06 


[4] 




2 


2 


a3S+ 


3 


3 


0.015 


-0.12 


[4] 



Table nil (Continued.) 



Upper electronic state 


v' 


N' 


Lower electronic state 


v" 


N" 


0-^ 


0-C 


Source 




1 


3 




1 


4 


0.015 


+0.12 


r A 1 

[4] 




1 


6 




1 


7 


0.015 


+0.16 


r ^ 1 




3 


2 


3tt— 


2 


2 


0.015 


-0.05 


\£ 




3 


3 


3tt— 


2 


3 


0.015 


-0.04 


r /ii 


3\n4- 


3 


3 


3tt+ 

r n 


2 


4 


0.015 


+0.08 


r ,1 1 

[4] 


9^ 


3 


3 


3T-r-^ 

c3n+ 


3 


2 


0.015 


-0.08 


r ^ 1 


9'^ 


3 


7 




3 


6 


0.015 


-0.03 


[4] 




3 


r-7 

7 




3 


7 


0.015 


+0.08 


[4] 




1 


2 




1 


3 


0.015 


-0.07 


[4] 




2 


2 


3-r-r — 

c n 


1 


2 


0.015 


-0.16 






2 


2 


3-r-r — 

c n 


1 


1 


0.015 


+0.22 






2 


3 


3-r-r — 


1 


2 


0.015 


+0.13 


r w 1 

[4] 


3 


2 


3-r-r — 

c n 


3 


3 


0.015 


-0.03 


[4] 


•3 A — 


3 


3 


3tt— 


3 


4 


0.015 


+0.06 


[4] 







6 







5 


0.024 


+0.19 


fl4] 




3 


8 




1 


7 


0.024 


-0.13 


Mi 




3 


9 




1 


10 


0.024 


+0.15 


M 




3 







2 


1 


0.024 


-0.15 


[14] 




7 


6 




4 


5 


0.024 


-0.21 


[14] 




2 


8 




2 


7 


0.024 


+0.08 


[4] 




2 


8 




2 


9 


0.024 


+0.09 


[4] 




3 


6 


3's^+ 


4 


5 


0.024 


-0.11 


r ,1 1 

[4] 




6 


5 


3's^+ 


2 


4 


0.024 


-0.05 


r ,1 1 




6 


4 


3^4- 


6 


3 


0.024 


-0.04 


[4] 




6 


7 




6 


8 


0.024 


+0.09 


[4] 


3 v-i4- 


8 





3x-i+ 


7 


1 


0.024 


-0.09 


r ^ 1 




1 


1 




2 





0.024 


+0.21 






1 


4 




2 


5 


0.024 


+0.14 


[4] 




2 


2 




1 


3 


0.024 


+0.20 






1 


2 


x-i-U 





2 


0.024 


+1.02 


[13] 


t'^-tt — 


1 


7 




1 


7 


0.024 


+0.34 


[13] 


^3tt— 


3 


5 


3\^-4- 


3 


5 


0.024 


-0.15 


[13] 




3 


6 


a3S+ 


3 


5 


0.024 


-0.12 


[13] 


d3n+ 


3 


5 


a3S+ 


2 


4 


0.024 


-0.08 


f4] 




3 


6 


a3E+ 


4 


6 


0.024 


+0.14 


[4] 


d^n- 


5 


3 


a3S+ 


2 


3 


0.024 


-0.13 






6 


7 




4 


7 


0.024 


-0.11 


[4] 



Table nil (Continued.) 



Upper electronic state 


v' 


N' 


Lower electronic state 


v" 


N" 




0-C 


Source 







7 







6 


0.024 


+0.17 









7 







8 


0.024 


-0.01 


[4] 







8 







8 


0.024 


+0.16 




T '^TT-4- 





4 




1 


3 


0.024 


+0.19 




^ n„ 





8 




1 


8 


0.024 


-0.04 






2 


3 




1 


4 


0.024 


-0.10 






3 


6 




3 


6 


0.024 


+0.22 


[4] 


T '^-i-r-J- 


4 


5 




3 


4 


0.024 


+0.09 


[4] 


7 '^T-r-U 

k^n+ 


4 


4 




5 


5 


0.024 


-0.14 









4 


'^T-r-l- 





5 


0.024 


+0.13 









2 







2 


0.024 


-0.16 


[4] 







10 







10 


0.024 


+0.12 


[4] 


•3tt+ 





10 


3tt4- 





11 


0.024 


-0.02 


r A 1 

[4] 




3 


7 


3tt+ 


3 


6 


0.024 


+0.09 


[4] 


•'^T-r-l- 


3 


7 


'^T-r-U 

c3n+ 


3 


8 


0.024 


-0.07 


[4] 







3 







3 


0.024 


-0.09 


r ,1 1 

[4] 







6 







7 


0.024 


-0.09 


[4] 







9 







9 


0.024 


+0.12 


[4] 







10 


r IT 





9 


0.024 


+0.18 


r ^ 1 







13 


r IT 





12 


0.024 


-0.08 


r ^ 1 

[4] 


■Stt— 





13 


3tt— 





14 


0.024 


-0.08 


r A 1 

[4] 


■3tt- 


2 


3 


3tt+ 


3 


3 


0.024 


+0.04 


r A 1 
[4] 




3 


2 




3 


2 


0.024 


-0.04 


r ^ 1 


■Stt— 


3 


2 


3tt— 


3 


3 


0.024 


+0.05 


r /ll 


■3tt— 


3 


6 


r 11 


3 


5 


0.024 


-0.15 


r A 1 

[4] 







12 


3tt — 





12 


0.024 


-0.00 


r ,1 1 


•3 A + 





12 


3tt+ 





13 


0.024 


-0.01 


r A 1 


•3 A + 


1 


7 




1 


7 


0.024 


+0.10 


r ^ 1 

[4] 


•3 A + 

/A+ 


1 


9 




1 


8 


0.024 


-0.04 


r ,1 1 

[4] 


•3 A + 

rA+ 


1 


9 




1 


10 


0.024 


+0.02 


\ A^ 

[4] 


•3 A + 

rA+ 


2 


8 


r 11 


2 


9 


0.024 


-0.10 


r A 1 

f4] 


•3 A — 

J Ag 





5 







4 


0.024 


-0.12 


\ A^ 

[4] 







13 


3-rT — 

c n 





12 


0.024 


+0.21 




•3 a- 

Ag 


U 


13 


3tt+ 


U 


13 


0.024 


-O.Oz 


\ A^ 
|4J 


/A- 





13 







14 


0.024 


-0.00 




/A- 


1 


8 


c3n+ 


1 


8 


0.024 


+0.11 






1 


10 




1 


9 


0.024 


-0.45 


[4] 




1 


10 




1 


10 


0.024 


-0.09 




/A- 


2 


2 




2 


3 


0.024 


-0.09 
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Table HI (Continued.) 



Upper electronic state 


v' 


N' 


Lower electronic state 


v" 


N" 




0-C 


Source 




1 


8 




2 


9 


0.034 


+0.17 


[4] 




2 


10 







11 


0.034 


-0.14 


[4] 




10 


3 




4 


4 


0.034 


+0.25 






10 


4 




6 


3 


0.034 


-0.09 


[4] 




2 


5 




1 


4 


0.034 


-0.13 


[13] 




4 


1 


3^-14- 


5 





0.034 


+1.03 


r-i oi 

[13] 


j3tt+ 

n+ 


4 


1 




5 


2 


0.034 


+1.68 


r-i oi 

[13] 




3 


5 




1 


4 


0.034 


+0.17 


[4] 


n+ 


1 


3 




2 


4 


0.034 


+0.11 


[4] 




2 


5 




2 


6 


0.034 


+0.21 






2 


10 


3tt+ 


2 


9 


0.034 


+0.01 






2 


10 


3tt— 


2 


10 


0.034 


-0.03 






2 


5 


r LI 


1 


5 


0.034 


-0.10 




2 


3 


3-r-r — 

c n 


1 


4 


0.034 


-0.13 


[4] 




2 


4 


'?T-r-l- 


1 


4 


0.034 


-0.27 


[4] 




2 


5 


'^-TT-l- 

c3n+ 


1 


5 


0.034 


-0.22 






3 


2 




4 


2 


0.034 


+0.15 






8 


2 


3^ + 


5 


3 


0.044 


+0.24 


[14] 




9 


2 




7 


1 


0.044 


-0.27 


[4] 


7'^T-^-l- 


4 


3 




6 


4 


0.044 


+0.17 






1 


5 




2 


5 


0.044 


-0.05 


[4] 


n+ 


1 


5 




2 


6 


0.044 


+0.25 


[4] 




2 


4 


3tt+ 


1 


5 


0.044 


-0.27 


[4] 


■'^-i-r-J- 


1 


2 







1 


0.044 


-0.19 


[4] 


■■^-1^4- 


1 


5 


r n 





5 


0.044 


+0.20 




z3n+ 


1 


6 







7 


0.044 


+0.15 


[4] 


■3tt+ 


1 


o 

8 


3tt+ 





7 


0.044 


+0.17 


\ A^ 


z^n- 


1 


2 


c'n- 





3 


0.044 


+0.22 


[4] 


z^n- 


1 


3 


c3n+ 





3 


0.044 


-0.27 


[4] 


m- 


2 


5 


c'n- 


2 


4 


0.044 


+0.20 


\£ 




2 


9 




2 


8 


0.044 


-0.59 


\£ 


m- 


2 


9 




2 


10 


0.044 


-0.03 


[4] 
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Table ni (Continued.) 



Upper electronic state 


v' 


N' 


Lower electronic state 


v" 


N" 




0-C 


Source 




1 


2 


3tt— 





2 


0.044 


+0.14 


r A 1 

[4] 




1 


4 







4 


0.044 


-0.18 




/A- 


1 


6 


T-r 





7 


0.044 


+0.26 






5 


4 


3x-i+ 


4 


4 


0.051 


-0.13 


r ^ 1 

[4] 




3 







6 


1 


0.063 


-0.19 


[4] 


3 v+ 


U 


2 


3tt+ 


1 


3 


0.0d3 


-0.18 


[4J 


c'U+ 


3 


3 







2 


0.075 


+0.26 


\M 




4 


2 


a3E+ 


6 


1 


0.26 


-1.39 


[16] 


e'^t 


4 


8 


a3S+ 


6 


9 


0.26 


-3.31 


[16] 


e'K 


4 


9 




6 


10 


0.26 


-2.24 


[16] 




4 


11 


a3S+ 


6 


10 


0.26 


+2.24 


[16] 
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TABLE IIL Experimental values of the wavenumbers (in cm^^) of some spectral lines of D2 ob- 
tained in the present work (P.W.)and reported in [1]. 0-C denotes the differences between Observed 
wavenumber values and those Calculated as differences of corresponding optimal energy level values 
obtained in the present work. 



Band Line 




[4] 


0-C 


P.W. 


0-C 


2- 


•0 


Pll 


13751, 


,08 


-0, 


,14 


13751, 


,29 


0, 


.07 


3- 


■0 


R6 


15868, 


,98 


-0, 


,05 


15869. 


,01 


-0, 


,02 






R9 


15705, 


,21 


0, 


.23 


15704, 


,98 


0, 


.00 


4- 


■1 


P8 


14862, 


,89 


-0, 


.08 


14862, 


,95 


-0, 


.02 


5- 


■2 


P6 


14524, 


,31 





.07 


14524, 


,26 


0, 


.02 


6- 


■2 


R4 


15977, 


,48 


-0, 


,06 


15977. 


,56 


0, 


,02 


6- 


■3 


P9 


13703, 


,95 





.09 


13703. 


,87 


0, 


.01 


7- 


■3 


P5 


15107, 


,67 


-0, 


.04 


15107, 


,71 


0, 


.00 


8- 


■3 


RO 


16354, 


,21 


0, 


.05 


16354, 


,19 


0, 


.03 


8- 


■4 


P5 


14468, 


,77 


-0, 


.10 


14468, 


,86 


-0, 


.01 






R3 


14727, 


,33 


-0, 


,06 


14727. 


,38 


-0, 


,01 


9- 


■5 


P4 


13861, 


,27 


-0, 


.19 


13861, 


,45 


-0, 


.01 






R4 


14002, 


,82 


-0, 


,11 


14002. 


,91 


-0, 


,02 


10-4 


P4 


16124, 


,14 





.25 


16123, 


,94 


0, 


.05 


1- 


■1 


R2 


20346, 


,49 


0, 


.07 


20346, 


,42 


0, 


.00 


1- 


■2 


RO 


18564, 


,54 


0, 


.21 


18564, 


,19 


-0, 


,14 


2- 


■1 


P3 


21653, 


,13 


0, 


.20 


21653, 


,04 


0, 


.11 


2- 


■3 


P3 


18242, 


,42 





.09 


18242. 


,40 


0, 


.07 


0- 


■1 


R9 


15019, 


,54 


0, 


.10 


15019, 


,44 


0, 


,00 


1- 


■0 


P2 


18207, 


,70 


0, 


.10 


18207, 


,60 


0, 


.00 






P5 


18065, 


,38 


0, 


.06 


18065, 


,36 


0, 


.04 


1- 


■1 


Ql 


16460, 


,87 


-0, 


,07 


16460, 


,93 


-0, 


,01 






QIO 


16267, 


,60 


-0, 


.05 


16267, 


,64 


-0, 


.01 


1- 


■2 


QIO 


14582, 


,86 


0, 


.03 


14582, 


,84 


0, 


.01 


2- 


■0 


Ql 


19823, 


,53 





.09 


19823, 


,45 


0, 


.01 


2- 


■1 


Rl 


18065, 


,70 


0, 


.07 


18065, 


,68 


0, 


.05 






R5 


18109, 


,66 


0, 


.04 


18109, 


,64 


0, 


.02 






R6 


18107, 


,89 


-0, 


,04 


18107. 


,97 


0, 


.04 






R8 


18089, 


,06 


-0, 


,05 


18089, 


,10 


-0, 


,01 


2- 


■2 


R7 


16386, 


,78 


0, 


.05 


16386, 


,78 


0, 


.05 






R8 


16383, 


,63 





.05 


16383, 


,58 


0, 


.00 


2- 


■3 


Q6 


14538, 


,55 





.05 


14538, 


,51 


0, 


.01 






Q9 


14481, 


,26 


0, 


.09 


14481, 


,19 


0, 


.02 


3- 


■1 


R4 


19576, 


,76 


0, 


.17 


19576, 


,61 


0, 


.02 


3- 


■2 


R4 


17842, 


,03 


-0, 


,08 


17842. 


,10 


-0, 


,01 


3- 


■3 


R5 


16180, 


,93 


-0, 


,10 


16181. 


,08 


0, 


,05 


3- 


■4 


Q6 


14415, 


,64 





.15 


14415, 


,48 


-0, 


.01 



Table HIB (Continued. 



Electronic transition Band Line 



[4] 0-C This work 0-C 



4- 


■2 


P8 


18788, 


,84 


-0, 


.05 


18788, 


.84 


-0, 


,05 


4- 


■3 


P3 


17401, 


,87 


0, 


.11 


17401, 


.74 


-0, 


.02 






R6 


17586, 


,74 


0, 


.07 


17586, 


.69 


0, 


.02 


4- 


■5 


Q7 


14280, 


,99 


0, 


.06 


14280, 


.94 


0, 


.01 


5- 


■2 


Q3 


20510, 


,44 


-0, 


,14 


20510, 


.57 


-0, 


,01 


5- 


•3 


Q6 


18757, 


,31 


-0, 


,17 


18757, 


.49 


0, 


.01 






Q8 


18677, 


,56 


0, 


.08 


18677, 


.49 


0, 


.01 


6- 


■4 


Q7 


18420, 


,01 


-0, 


,11 


18420, 


.10 


-0, 


.02 


7- 


•6 


Q5 


16727, 


,50 


0, 


.18 


16727, 


.38 


0, 


.06 


0- 


•0 


P8 


21966, 


.23 


-0, 


.01 


21966, 


,21 


-0, 


.03 






Q8 


22180, 


.52 


0, 


.16 


22180, 


.39 


0, 


.03 






R6 


22452, 


,89 


0, 


.17 


22452, 


.75 


0, 


.03 


0- 


■1 


Q8 


20406, 


,67 


-0, 


,04 


20406, 


.68 


-0, 


.03 






R3 


20613, 


,91 


0, 


.19 


20613, 


.78 


0, 


.06 


1- 


■2 


P4 


20217, 


.44 


0, 


.11 


20217, 


.32 


-0, 


.01 


2- 


■3 


P2 


20142, 


.72 


-0, 


.14 


20142, 


.76 


-0, 


.10 






R2 


20282, 


,53 


0, 


.21 


20282, 


.45 


0, 


.13 






R4 


20320, 


,54 


0, 


.09 


20320, 


.48 


0, 


.03 


3- 


■3 


Q6 


21592, 


,35 


0, 


.22 


21592, 


.11 


-0, 


.02 


4- 


■3 


R4 


23156, 


.99 


0, 


,10 


23156, 


.92 


0, 


.03 


4- 


■5 


P5 


19755, 


.38 


-0, 


.15 


19755, 


.42 


-0, 


.11 


5- 


■4 


Q4 


22761, 


,98 


-0, 


,13 


22762, 


.13 


0, 


.02 


1- 


■2 


Q5 


22881, 


,68 


-0, 


,05 


22881, 


.71 


-0, 


.02 


2- 


■3 


P3 


22670, 


.82 


-0, 


,12 


22670, 


.88 


-0, 


.06 


3- 


■3 


P4 


16779, 


.23 


-0, 


.09 


16779, 


.32 


0, 


.00 


0- 


•0 


P5 


16588, 


.93 


0, 


.13 


16588, 


.87 


0, 


.07 


0- 


•1 


P3 


15064, 


.96 


-0, 


.18 


15065, 


.27 


0, 


.13 


1- 


■1 


P4 


16502, 


.17 


0, 


.13 


16502, 


.08 


0, 


.04 


2- 


■1 


P5 


17846, 


.80 


-0, 


.27 


17847, 


.07 


0, 


.00 


2- 


-2 


P6 


16164, 


.95 


0, 


,22 


16164, 


.69 


-0, 


.04 






R9 


16314, 


.06 


0, 


.01 


16314, 


.07 


0, 


.02 






QIO 16045, 


.63 


-0, 


.03 


16045, 


.64 


-0, 


.02 


3- 


■2 


P4 


17652, 


.53 


0, 


.09 


17652, 


.43 


-0, 


.01 






Q2 


17801, 


.97 


-0, 


.06 


17801, 


.97 


-0, 


.06 






Q3 


17765, 


.57 


-0, 


.05 


17765, 


.67 


0, 


.05 


3- 


■3 


Q7 


16024, 


.02 


0, 


.09 


16023, 


.98 


0, 


.05 






R2 


16293, 


.82 


-0, 


,08 


16293, 


.88 


-0, 


,02 






R6 


16210, 


,71 


-0, 


,04 


16210, 


.70 


-0, 


,05 


0- 


•0 


Pll 


16902, 


.38 


-0, 


.03 


16902, 


.34 


-0, 


.07 






QIO 17214, 


.20 


0, 


.13 


17214, 


.14 


0, 


.07 



Table HIB (Continued. 



Electronic transition Band Line 



[4] 0-C This work 0-C 



1- 


•0 


P7 


18524, 


,43 


0, 


.16 


18524, 


.27 


0, 


.00 






Q5 


18728, 


,49 


0, 


.20 


18728, 


.35 


0, 


.06 






Rl 


18750, 


,25 


-0, 


,20 


18750, 


.51 


0, 


.06 






R7 


18957, 


,79 


0, 


.17 


18957, 


.66 


0, 


.04 


2- 


■1 


Q2 


18425, 


,10 


-0, 


,17 


18425, 


.19 


-0, 


,08 


3- 


■3 


P8 


16450, 


.63 


-0, 


.08 


16450, 


.62 


-0, 


.09 






R6 


16849, 


,79 


0, 


.10 


16849, 


.78 


0, 


.09 


0- 


■0 


P7 


16787, 


.90 


-0, 


.10 


16787, 


.97 


-0, 


.03 






P14 


16369, 


.80 


-0, 


.08 


16369, 


.84 


-0, 


.04 






Q3 


17071, 


.29 


-0, 


.09 


17071, 


.28 


-0, 


.10 






Q9 


16898, 


.78 


0, 


.13 


16898, 


.69 


0, 


.04 






R9 


17150, 


,62 


0, 


.17 


17150, 


.53 


0, 


.08 






R12 


17109, 


,51 


-0, 


,09 


17109, 


.64 


0, 


.04 


1- 


■0 


P3 


18525, 


.88 


0, 


.22 


18525, 


.72 


0, 


.06 






Q3 


18598, 


.23 


-0, 


.27 


18598, 


.59 


0, 


.09 


2- 


■1 


Rl 


18451, 


,87 


0, 


,23 


18451, 


.64 


0, 


.00 






R2 


18464, 


,46 


0, 


.13 


18464, 


.34 


0, 


.01 


2- 


■2 


PIO 


16345, 


.66 


-0, 


.04 


16345, 


.72 


0, 


.02 






R4 


16864, 


,08 


0, 


.21 


16863, 


.92 


0, 


.05 






R8 


16857, 


,89 


-0, 


,59 


16858, 


.46 


-0, 


,02 


2- 


■3 


Q3 


15207, 


,72 


0, 


.05 


15207, 


.75 


0, 


.08 


3- 


■3 


P3 


16517, 


.58 


0, 


.06 


16517, 


.57 


0, 


.05 






Q2 


16599, 


.70 


0, 


.05 


16599, 


.70 


0, 


.05 






R5 


16693, 


,01 


-0, 


,16 


16693, 


.13 


-0, 


.04 


0- 


■0 


P13 


17309, 


.93 


-0, 


.02 


17309, 


.93 


-0, 


.02 






Q12 


17667, 


.66 


0, 


.00 


17667, 


.68 


0, 


.02 


1- 


■0 


Q2 


19060, 


,17 


0, 


.14 


19060, 


.15 


0, 


.12 


1- 


•1 


PIO 


17192, 


.24 


0, 


.02 


17192, 


.26 


0, 


.04 






Q7 


17439, 


.67 


0, 


.11 


17439, 


.65 


0, 


.09 






R8 


17722, 


,82 


-0, 


,04 


17722, 


.82 


-0, 


,04 


2- 


■1 


Q5 


18907, 


,85 


-0, 


,11 


18907, 


.90 


-0, 


,06 


2- 


■2 


P9 


17081, 


.06 


-0, 


.10 


17081, 


.14 


-0, 


.02 



Table HIB (Continued.) 



Electronic transition Band Line [4] 0-C This work 0-C 



0- 


-0 


P14 


17182, 


.21 


-0, 


.01 


17182, 


.26 


0, 


.04 






Q13 


17564, 


.20 


-0, 


.02 


17564, 


.24 


0, 


.02 






R4 


17654, 


,95 


-0, 


,13 


17655, 


.06 


-0, 


.02 






R12 


17922, 


,15 


0, 


.22 


17921, 


.87 


-0, 


.06 


1- 


-0 


P7 


18863, 


.60 


0, 


.26 


18863, 


.37 


0, 


.03 






Q4 


19066, 


.14 


-0, 


.18 


19066, 


.26 


-0, 


.06 


1- 


-1 


Q8 


17423, 


,59 


0, 


.10 


17423, 


.54 


0, 


.05 






QIO 


17431, 


.73 


-0, 


.09 


17431, 


.78 


-0, 


.04 






R9 


17709, 


,08 


-0, 


,46 


17709, 


.58 


0, 


.04 


2- 


-1 


P4 


18786, 


.75 


-0, 


.14 


18786, 


.94 


0, 


.05 






Q4 


18903, 


.82 


-0, 


.28 


18904, 


.14 


0, 


.04 






Q5 


18903, 


.31 


-0, 


.22 


18903, 


.52 


-0, 


.01 


2- 


-2 


P3 


17200, 


.68 


-0, 


.10 


17200, 


.72 


-0, 


.06 


2- 


-3 


Rl 


15783, 


,87 


-0, 


,25 


15784, 


,09 


-0, 


,03 


3- 


-3 


P3 


17107, 


.09 


-0, 


.04 


17107, 


.11 


-0, 


.02 


3- 


-4 


Q2 


15692, 


,04 


0, 


.16 


15691, 


.96 


0, 


.08 
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TABLE IV: Optimal values EnvN of rovibronic energy levels (in cm^^) for various triplet electronic 
states of D2 molecule obtained in the present work. The uncertainties of the EnvN value deter- 
mination (one SD) are shown in brackets in units of last significant digit, rii, — the number of 
various spectral lines directly connected with certain level. AE is the difference between energy 
level values obtained in the present work and those reported in [3]. 



{lsa2sa)a^T,+ 





V = 









V = 


1 




V = 


2 




N 


EnvN 




AE 


EnvN 


riu 


AE 


EnvN 


riu 


AE 








21 





1814 


908(5) 


25 


-0.008 


3560.726(6) 


26 


-0.016 


1 


33.631(4) 


43 


-0.011 


1847 


364(8) 


55 


-0.014 


3592.036(8) 


56 


-0.016 


2 


100.770(6) 


52 


-0.010 


1912 


172(5) 


66 


-0.012 


3654.573(5) 


70 


-0.003 


3 


201.109(9) 


47 


-0.009 


2009 


042(8) 


63 


-0.002 


3748.034(8) 


64 


-0.004 


4 


334.333(6) 


49 


-0.013 


2137 


628(6) 


57 


-0.008 


3872.103(6) 


64 


-0.003 


5 


499.850(10) 


37 


-0.020 


2297 


385(9) 


46 


-0.005 


4026.245(9) 


49 


-0.005 


6 


697.092(7) 


30 


-0.012 


9487 




42 


0.002 


4209.894(7) 


44 


0.006 


7 


925.260(11) 


19 


-0.020 


2707 


967(10) 


27 


-0.007 


4422.319(10) 


25 


0.001 


8 


1183.573(8) 


19 


-0.013 


2957 


220(7) 


27 


0.020 


4662.756(7) 


22 


0.014 


9 


1471.063(13) 


11 


-0.043 


3234 


634(11) 


21 


-0.004 


4930.308(11) 


14 


-0.008 


10 


1786.713(9) 


12 


-0.023 


3539 


206(8) 


15 


0.024 


5224.035(9) 


10 


0.015 


11 


2129.524(17) 


6 


-0.054 


3869 


902(14) 


6 


0.008 


5542.94(2) 


4 


-0.010 


12 


2498.252(13) 


6 


-0.042 


4225 


651(16) 


3 


0.069 


5885.90(3) 


3 


0.010 


13 


2891.75(2) 


5 


-0.019 


4605 


20(2) 


3 


-0.010 


6251.85(3) 


2 


0.040 


14 


3308.86(2) 


5 


-0.050 


5007 


43(3) 


3 


-0.050 


6639.59(3) 


2 


0.020 


15 


3748.44(3) 


5 


-0.010 


5431 


37(3) 


3 


0.010 


7048.04(3) 


2 


0.030 


16 


4208.73(3) 


5 


0.070 


5875 


16(4) 


2 


0.050 


7475.59(17) 


2 


0.050 


17 


4689.10(3) 


4 


0.010 


6338 


32(4) 


2 


0.040 


- 






18 


5187.38(4) 


3 


0.060 


6818 


59(4) 


2 


0.080 


- 








V = 


3 






V = 


4 




V = 


5 




N 


EnvN 




AE 


EnvN 


n-u 


AE 


EnvN 


riu 


AE 





5238.994(6) 


27 


-0.014 


6851 


077(6) 


21 


-0.007 


8398.070(7) 


14 


-0.000 


1 


5269.198(8) 


54 


-0.008 


6880 


190(9) 


48 


0.000 


8426.100(9) 


37 


0.000 


2 


5329.503(6) 


64 


-0.013 


6938 


313(6) 


57 


-0.013 


8482.065(6) 


37 


0.015 


3 


5419.642(8) 


64 


-0.012 


7025 


178(9) 


49 


0.002 


8565.721(9) 


35 


-0.011 


4 


5539.282(6) 


63 


-0.012 


7140 


470(6) 


54 


-0.020 


8676.731(6) 


40 


0.019 


5 


5687.907(9) 


46 


-0.007 


7283 


696(9) 


36 


0.004 


8814.632(9) 


31 


-0.012 


6 


5864.981(6) 


38 


-0.011 


7454 


309(6) 


32 


-0.009 


8978.894(7) 


27 


0.016 


7 


6069.794(10) 


20 


-0.034 


7651 


638(10) 


17 


0.012 


9168.832(11) 


13 


-0.012 


8 


6301.579(7) 


17 


-0.009 


7874 


926(8) 


10 


-0.016 


9383.741(8) 


11 


0.029 


9 


6559.496(12) 


10 


-0.046 


8122 


780(18) 


5 


0.010 


9622.02(3) 


1 


0.030 


10 


6842.595(10) 


7 


-0.015 


8395 


99(2) 


5 


0.040 


9884.34(4) 


1 


0.040 


11 


7149.86(5) 


3 


-0.050 


8691 


85(6) 


2 


-0.030 








12 


7477.29(6) 


3 


-0.010 


9006 


99(7) 


2 


-0.010 








13 


7828.14(6) 


2 


0.030 
















14 


8198.89(6) 


2 


0.090 
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Table IB (Continued.) 

(lscr2s(T)a3£+ 

v=6 v=7 v=8 



N EnvN 


riu 


AE 


EnvN 




AE 


EnvN 


riu 


AE 


9880, 


.806(11) 


10 


-0.016 


11299 


.845(16) 


6 


-0.045 


12655.467(18) 


5 


-0.007 


1 9907, 


.775(10) 


26 


0.005 


11325 


.784(11) 


18 


-0.004 


12680.356(12) 


12 


-0.036 


2 9961, 


.617(7) 


32 


-0.017 


11377 


.500(8) 


18 


0.000 


12729.972(9) 


13 


-0.052 


3 10042, 


.093(10) 


28 


-0.013 


11454, 


.821(12) 


14 


-0.010 


12804.129(13) 


14 


-0.059 


4 10148, 


.876(7) 


28 


-0.026 


11557, 


.399(9) 


14 


-0.009 


12902.503(9) 


13 


-0.143 


5 10281, 


.509(10) 


25 


-0.069 


11684, 


.766(13) 


8 


-0.036 


13024.059(14) 


4 


-0.049 


6 10439, 


.463(8) 


20 


-0.033 


11836 


.493(10) 


7 


-0.033 


13170.42(5) 


2 


-0.000 


7 10622, 


.101(13) 


12 


-0.071 


12011 


.941(19) 


3 


-0.051 








8 10828, 


.794(13) 


7 


-0.084 


12210 


.76(3) 


2 


-0.060 








9 11057, 


.80(2) 


2 


0.010 

















10 

11 11594.7(3) 2 

12 11894.2(3) 2 



V = 9 V = 10 



N EnvN 


n„ 


AE EnvN 




AE 


13947.39(4) 


1 


0.000 






1 13971.355(15) 


4 


-0.035 15198.29(5) 


2 


-0.030 


2 14018.883(12) 


4 


-0.013 15243.76(5) 


2 


-0.020 


3 14089.876(15) 


3 


0.024 15311.62(5) 


2 


-0.040 


4 14184.038(13) 


4 


-0.088 15401.72(7) 


1 


0.010 


5 14300.933(17) 


3 


0.017 15513.75(5) 


2 


-0.050 


6 14440.112(13) 


1 


0.028 







{lsa2pTT)c^U- 

v=0 v=l v=2 



N 


E 


nvN 






AE 


EnvN 


riu 




EnvN 


riu 


AE 


1 


-132, 


.611(18) 


12 





.021 


1548, 


.794(14) 


9 


0.036 


3168 


.223(11) 


8 


0.087 


2 


-71, 


.553(12) 


17 


-0, 


,007 


1607 


.788(9) 


15 


0.032 


3225 


.211(8) 


12 


0.079 


3 


19, 


.675(15) 


20 


-0, 


.015 


1695 


.944(12) 


17 


0.046 


3310 


.367(11) 


13 


0.123 


4 


140, 


.787(11) 


19 


-0, 


.027 


1812 


.998(9) 


16 


0.042 


3423 


.439(8) 


14 


0.041 


5 


291, 


.332(16) 


17 


-0, 


.002 


1958 


.444(14) 


12 


0.056 


3563 


.932(16) 


10 


0.078 


6 


470, 


.743(13) 


16 


-0, 


.083 


2131 


.798(13) 


10 


0.032 


3731 


.351(19) 


5 


0.149 


7 


678, 


.29(2) 


11 


0, 


.002 


2332 


.399(18) 


8 


-0.009 


3925 


.07(2) 


5 


0.142 


8 


913, 


.480(17) 


8 


-0, 


.090 


2559 


.538(16) 


6 


0.012 


4144, 


.38(2) 


5 


0.090 


9 


1175, 


.21(2) 


7 


0, 


.010 


2812 


.46(3) 


4 


0.040 


4388, 


.72(3) 


4 


0.060 


10 


1462, 


.81(2) 


7 


-0, 


.130 


3090 


.20(3) 


3 


0.090 


4657, 


.17(7) 


3 


-0.450 


11 


1775, 


.19(3) 


6 





.040 


3391 


.99(6) 


1 


-0.420 


4909 


.28(6) 


1 


0.080 


12 


2111, 


.33(4) 


4 


-0, 


.120 


















13 


2470, 


.34(5) 


3 


0, 


.080 


















14 


2851, 


.05(7) 


5 





.100 


















15 


3252 


.43(6) 


1 


0, 


.080 
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Table llVl (Continued.) 



{lsa2pTT)c^U~ 



V = 


3 




V = 


4 


V = 


5 




N EnvN 


riu 


AE 


E-nvN 




AE EnvN 


nu 


AE 


1 4727.022(9) 


7 


0.108 


6226.366(19) 


3 


0.144 7667.225(13) 


3 


0.125 


2 4782.112(9) 


10 


0.038 


6279.454(11) 


7 


0.096 7718.429(10) 


2 


0.141 


3 4864.307(13) 11 


0.073 


6358.796(14) 


4 


0.084 7794.944(13) 


2 


0.116 


4 4973.456(10) 


12 


0.054 


6464.117(13) 


4 


0.063 7896.475(10) 


2 


-0.035 


5 5109.097(16) 


9 


0.093 


6594.990(18) 


4 


0.050 






6 5270.732(15) 


5 


0.028 












7 5457.84(2) 


5 


-0.010 












8 5669.46(2) 


4 


0.030 












9 5905.35(3) 


1 


-0.020 












10 6164.52(3) 


1 


0.080 













V = 6 

N EnvN AE 

1 9050.44(2) 1 

2 9099.750(17) 1 

3 9173.43(2) 1 

4 9271.249(18) 1 



(Ig(j2p7r)c^n+ 



V = 











V = 


1 






V = 


2 




N EnvN 








EnvN 




AE 


EnvN 


riy 


AE 


1 -132.586(12) 


22 


-0. 


,004 


1548, 


.813(9) 


16 


0.017 


3168, 


.273(7) 


13 


0.037 


2 -71.584(14) 


26 


0. 


,014 


1607 


.790(12) 


19 


0.040 


3225, 


.247(10) 


17 


0.123 


3 19.662(11) 


28 


-0, 


,032 


1695 


.990(8) 


21 


0.040 


3310 


.490(9) 


16 


0.030 


4 140.727(15) 


27 


-0, 


,026 


1813, 


.023(13) 


18 


0.047 


3423 


.541(11) 


14 


0.079 


5 291.217(12) 


24 


-0. 


,087 


1958, 


.482(10) 


18 


0.038 


3564, 


.085(8) 


14 


0.095 


6 470.542(16) 


19 


-0, 


,022 


2131 


.814(15) 


14 


0.016 


3731 


.563(12) 


8 


0.057 


7 678.114(15) 


15 


-0, 


,094 


2332 


.393(14) 


9 


-0.003 


3925 


.279(18) 


9 


0.051 


8 913.12(2) 


10 


0. 


,022 


2559 


.53(2) 


5 


0.060 


4144, 


.65(2) 


4 


0.140 


9 1174.80(2) 


8 


-0, 


,120 


2812, 


.35(2) 


5 


0.030 


4388, 


.78(6) 


3 


0.200 


10 1462.24(2) 


5 


0, 


,010 


3090 


.18(6) 


2 


-0.330 


4657, 


.07(4) 


5 


0.080 


11 1774.48(3) 


6 


-0. 


,170 


3345 


.84(6) 


2 


0.110 










12 2110.45(4) 


4 


0, 


,010 


















13 2469.04(7) 


3 


0, 


,120 


















14 2849.68(6) 


2 


0. 


,080 


















15 3250.67(8) 


2 


0, 


,100 
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Table JVl (Continued.) 









(Iscj2p7r)c^; 












V = 3 






V = 4 






V = 5 






N EnvN 




AE 


EnvN f^v 


AE 


EnvN '' 


'T'U 


AE 


1 4727.078(7) 


14 


0.052 




7 


0.081 


7667.297(13) 


2 


0.053 


2 4782.081(12) 16 


0.109 


6279.553(10) 


9 


0.007 


7718.544(13) 


2 


0.016 


3 4864.446(8) 


15 


0.014 


6359.007(11) 


7 


0.133 


7795.177(10) 


1 


- 


4 4973.606(14) 


9 


084 


6464.401(14) 


8 


079 


7896 SS^n 3^1 


1 

± 




5 5109.368(10) 10 


0.092 


6595.379(13) 


6 ■ 


-0.009 


8023.166(10) 


1 


- 


6 5271.03(2) 


5 


0.110 


6751.361(18) 


4 


0.059 


- 






7 5458.145(18) 


7 


0.035 








- 






8 5670.02(3) 


5 


-0.030 








- 






9 5905.61(2) 


3 


0.070 








- 






V = 6 






V = 7 












N EnvN 




AE 


EnvN n^j 


AE 








1 9050.47(2) 


1 




10376.62(2) 


1 










2 9099.88(2) 


1 


- 


10424.20(2) 


1 


- 








3 9173.710(17) 


1 


— 


10495.262(18) 


1 


— 








4 9271.63(2) 


1 




10589.37(2) 


1 










5 9393.409(18) 


1 




10706.613(18) 


1 
















(lso-3scr)/i3s+ 










V = 2 






V = 3 






V = 4 






N EnvN 




AE 


EnvN riiy 


AE 


EnvN 




AE 


20071.893(17) 


1 


0.037 21588.238(10) 


1 


0.052 23042.197(13) 


2 


0.083 


1 20101.320(16) 


2 


0.100 21615.731(12) 


2 


0.099 23068.46(2) 


2 


0.143 


2 20160.107(13) 


2 


0.053 21670.798(8) 


3 


0.032 23120.982(10) 


4 


0.088 


3 20247.847(15) 


3 


0.113 21752.929(13) 


3 


0.061 23199.357(13) 


4 


0.083 


4 20364.077(13) 


2 


0.063 21861.839(9) 


3 


0.051 23303.289(13) 


3 


-0.009 


5 












23432.221(16) 


3 


0.059 
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Table HB (Continued.) 

{lsa3pa)e^T.+ 



v=0 v=l v=2 



N EnyN 




AE 


EnvN 


riy 


AE 


EnvN 


fly 


AE 


11649.190(14) 


5 


-0.010 


13137.502(10) 


6 


-0.012 


14558.258(12) 


6 


0.002 


1 11676.174(8) 


12 


-0.004 


13163.431(6) 


12 


-0.011 


14583.137(7) 


14 


0.003 


2 11730.037(13) 12 


-0.007 


13215.170(9) 


15 


-0.010 


14632.770(11) 


13 


0.000 


3 11810.600(9) 


17 


-0.020 


13292.570(7) 


16 


-0.010 


14707.003(8) 


15 


-0.003 


4 11917.524(12) 12 


-0.004 


13395.293(10) 


11 


-0.003 


14805.515(11) 


14 


0.015 


5 12050.485(9) 


12 


0.005 


13523.013(7) 


12 


0.007 


14927.986(8) 


14 


-0.006 


12208.941(13) 


8 


-0.021 


13675.191(10) 


12 


-0.001 


15073.923(11) 


12 


-0.013 


7 12392.375(9) 


8 


0.005 


13851.369(8) 


11 


0.011 


15242.814(8) 


13 


0.016 


8 12600.117(13) 


6 


-0.017 


14050.868(11) 


9 


-0.018 


15434.079(13) 


8 


-0.039 


9 12831.480(11) 


5 


-0.030 


14272.987(8) 


10 


0.003 


15646.946(10) 


8 


0.024 


10 13085.653(16) 


5 


-0.043 


14517.021(13) 


6 


-0.021 


15880.745(15) 


5 


0.005 


11 13361.853(12) 


4 


-0.013 


14782.091(10) 


5 


-0.001 


16134.676(15) 


3 


0.044 


12 13659.139(19) 


4 


n ni Q 


iOUD 1 .oDO\^iD J 


Q 
O 


u.uio 




9 


-u.uou 


13 13976.603(17) 


3 


-0.043 


15371.957(16) 


5 


-0.007 


16696.56(5) 


2 


-0.030 


14 14313.27(2) 


3 


0.000 


15694.80(2) 


4 


0.030 


17003.73(4) 


2 


0.010 


15 14668.18(3) 


2 


-0.050 


16035.06(3) 


4 


0.050 


17326.48(5) 


2 


0.070 


16 15040.49(3) 


2 


0.010 


16391.90(3) 


4 


0.010 


17675.65(3) 


1 


0.010 


17 15428.58(4) 


2 


0.050 


16763.73(4) 


4 


0.060 








18 15832.13(3) 


2 


0.020 


17150.23(4) 


2 


0.040 








19 16249.09(4) 


2 


0.060 


17549.32(5) 


1 


0.080 








V = c 


5 




V = 4 


I 




V = I 






N EnvN 




AE 


EnvN 


riy 


AE 


EnvN 




AE 


15911.178(10) 


7 


-0.018 


17195.132(10) 


10 


-0.002 18408.097(10) 


7 


-0.007 


1 15934.967(6) 


19 


-0.057 


17217.850(6) 


17 


0.000 18429.790(6) 


16 


-0.010 


2 15982.471(9) 


20 


-0.001 


17263.194(8) 


17 


-0.004 18473.084(9) 


15 


-0.006 


3 16053.509(6) 


19 


-0.009 


17331.018(6) 


19 


0.002 18537.934(7) 


14 


-0.034 


4 16147.768(9) 


19 


0.012 


17420.989(9) 


18 


-0.008 18624.360(9) 


14 


0.010 


5 16264.946(6) 


18 


-0.006 


17532.827(6) 


17 


-0.007 18734.130(6) 


14 


-0.010 


6 16404.556(10) 


14 


-0.006 


17666.052(10) 


15 


-0.002 18849.669(10) 13 


0.011 


7 16566.118(7) 


14 


-0.018 


17820.186(7) 


13 


0.004 18999.130(7) 


7 


0.020 


8 16748.997(11) 


10 


-0.007 


17994.639(11) 


12 


-0.008 








9 16952.546(8) 


9 


0.014 


18188.800(8) 


12 


0.000 








10 17176.041(12) 


3 


-0.011 


18402.006(14) 


5 


-0.036 








11 17418.674(9) 


4 


0.016 


18633.901(11) 


3 


-0.001 








12 17679.65(2) 


1 


0.010 














13 17958.06(3) 


1 


0.030 
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Table IB (Continued.) 

{lsa3pa)e^T.+ 

v=6 v=7 v=8 



N E 


nvN 




AE 


E 


nvN 


nu 


AE 


EnvN 


riy 


AE 


19546 


641(11) 


7 


-0.001 


20605 


338(10) 


8 


-0.008 


21575.310(13) 


9 


-0.030 


1 19567 


047(7) 


16 


-0.007 


20624 


515(6) 


15 


-0.015 


21593.153(7) 


19 


-0.013 


2 19607 


728(10) 


16 


-0.008 


20662 


787(9) 


16 


-0.017 


21628.745(10) 


19 


-0.005 


3 19668 


569(7) 


16 


0.001 


20720 


289(6) 


14 


-0.009 


21681.957(7) 


20 


-0.007 


4 19749 


319(10) 


16 


-0.019 


20795 


613(9) 


12 


-0.023 


21752.568(11) 


18 


-0.038 


5 19849 


642(8) 


15 


-0.012 


20889 


773(6) 


14 


-0.003 


21840.510(8) 


16 


-0.010 


6 19969 


098(11) 


14 


-0.028 


21001 


748(10) 


9 


-0.008 


21946.349(12) 


7 


-0.029 


7 20107 


185(7) 


12 


0.005 


21131 


071(7) 


9 


-0.001 


22074.088(14) 


2 


0.002 


8 20263 


354(13) 


8 


0.006 
















9 








21440 


901(17) 


1 


0.029 









V = 9 V = 10 



N EnvN 


riy 


AE 


EnvN 


riy 


AE 


22442.451(11) 


8 


-0.011 


23181.37(2) 


4 


0.004 


1 22458.482(7) 


17 


-0.002 


23195.302(13) 


11 


-0.022 


2 22490.446(10) 


16 


-0.006 


23223.064(16) 


10 


-0.024 


3 22538.192(7) 


18 


-0.002 


23264.357(13) 


11 


-0.017 


4 22601.388(10) 


18 


-0.038 


23318.792(19) 


6 


-0.042 


5 22679.660(7) 


14 


-0.040 


23385.89(2) 


3 


-0.030 


6 22772.422(11) 


10 


-0.022 








7 22879.133(11) 


3 


0.037 









{lsa?,pTT)Sll- 

v=0 v=l v=2 



N EnvN 






AE 


E 


nvN 


riu 




AE 


E 


nvN 




AE 


1 16695 


750(14) 


4 


-0 


010 


18308 


303(11) 


7 


-0 


033 


19857 


067(10) 


8 


0.003 


2 16755 


305(11) 


5 


-0 


005 


18365 


680(8) 


5 


-0 


010 


19912 


363(7) 


8 


-0.023 


3 16844 


286(15) 


4 


-0 


006 


18451 


471(11) 


7 


-0 


001 


19995 


024(10) 


8 


-0.014 


4 16962 


446(11) 


4 


-0 


006 


18565 


354(8) 


7 


-0 


004 


20104 


741(7) 


8 


-0.011 


5 17109 


251(16) 


4 


-0 


Oil 


18706 


856(13) 


6 


-0 


006 


20241 


050(11) 


6 


0.010 


6 17284 


197(12) 


4 


-0 


007 


18875 


473(10) 


5 





007 


20403 


478(8) 


7 


0.012 


7 17486 


578(16) 


3 


-0 


018 


19070 


503(14) 


4 


-0 


003 


20591 


353(12) 


4 


-0.003 


8 17715 


701(14) 


3 


-0 


001 


19291 


294(12) 


3 





016 


20804 


025(10) 


4 


0.015 


9 17970 


749(17) 


2 


-0 


029 


19537 


033(16) 


3 


-0 


003 


21040 


667(13) 


4 


0.003 


10 18250 


742(14) 


2 





008 


19806 


86(4) 


2 





010 


21300 


532(11) 


3 


-0.002 


11 










20099 


80(2) 


2 


-0 


001 










12 18881 


99(2) 


1 


-0 


040 












21882 


31(6) 


1 


-0.010 


13 19231 


13(2) 


1 


-0 


020 


20751 


23(3) 


1 


-0 


010 










14 19601 


19(2) 


1 


-0 


050 


21107 


62(3) 


1 


-0 


050 










15 19991 


19(3) 


1 





010 




















16 20399 


60(4) 


1 





070 




















17 20825 


83(4) 


1 





010 




















18 21267 


81(4) 


1 





080 
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Table HB (Continued.) 



V = 3 




V = 4 




V = 5 




N EnvN 


A-E EnvN T^u 


/S.E EnvN 


ny 


AS 


1 21343.645(12) 


9 


0.005 22769.442(12) 


8 


-0.012 24135.655(10) 10 


0.005 


2 21396.902(9) 


8 


-0.002 22820.678(8) 


8 


0.002 24184.948(7) 


10 


-0.008 


3 21476.477(12) 


8 


-0.007 22897.296(12) 


7 


-0.006 24258.610(10) 


9 


0.000 


4 21582.138(9) 


8 


-0.008 22998.963(8) 


8 


-0.013 24356.367(7) 


9 


-0.017 


5 21713.423(13) 


7 


-0.013 23125.264(12) 


8 


n no/i 0/1 /I V7 cnn/' 1 1 A 
-U.UU4 z44( / .oUy^iij 


7 
( 


-0.029 




Q 
O 


n 0^7 9*^97'^ 7A7(Q\ 

U.UOJ ^OZj t O . i ^ i \\j j 


7 


0.003 24622.462(9) 


9 


-0.012 


7 22050.667(15) 


4 


-0.007 23449.760(17) 


5 


-0.020 24789.747(12) 


7 


-0.007 


8 22255.379(12) 


4 


0.011 23646.709(11) 


6 


-0.009 24979.060(12) 


6 


-0.010 


9 22483.185(19) 


2 


-0.035 23865.26(2) 


2 


-0.005 25188.91(2) 


3 


0.010 


10 22733.258(15) 


3 


0.002 24106.31(3) 


2 


0.020 25420.32(3) 


2 


0.040 


11 23004.67(5) 


2 


-0.050 24367.28(6) 


1 


-0.030 






12 23293.59(6) 


2 


-0.010 24645.28(7) 


1 


-0.010 






13 23603.42(6) 


1 


0.030 




- 






14 23930.61(6) 


1 


0.090 




- 






V = 6 




V = 7 




V = c 


) 




N EnvN 


AS EnvN fly 


A-E EnvN 


riy 


AS 


1 25443.364(10) 


9 


-0.004 26693.448(12) 


6 


-0.008 27886.595(13) 


6 


-0.005 


2 25490.706(7) 


9 


-0.006 26738.891(9) 


6 


-0.021 27930.152(9) 


6 


n nns 


3 25561.485(11) 


8 


-0.005 26806.814(12) 


6 


-0.014 27995.235(13) 


6 


0.035 


4 25655.396(7) 


8 


-0.006 26896.934(9) 


5 


-0.054 28081.598(10) 


6 


-0.028 


5 25772.049(11) 


9 


-0.019 27008.83(2) 


5 


-0.026 28188.852(15) 


6 


-0.072 


6 25910.990(8) 


7 


-0.020 27142.454(10) 


3 


-0.024 28316.512(10) 


5 


0.008 


7 26071.762(19) 


3 


-0.082 27296.310(15) 


2 


-0.070 






8 26253.93(3) 


2 


-0.080 27470.81(4) 


1 


-0.060 






V = 9 




V = 10 










N EnvN fly 


A£' EnvN flu 


AE 






1 29023.33(5) 


4 


-0.040 30103.98(4) 


2 


-0.050 






2 29064.97(4) 


4 


0.010 30143.82(4) 


2 


-0.040 






3 29127.43(6) 


2 


-0.170 30203.34(4) 


2 


-0.020 






4 29209.88(5) 


2 


-0.170 30282.22(4) 


2 


-0.090 






5 29313.31(7) 


1 


-0.050 30380.15(5) 


1 


0.020 







Table HB (Continued.) 

v=0 v=l v=2 



N EnvN 


nu 


AE 


EnvN 


riu 


AE EnvN 


riu 


AE 


1 16695.884(8) 


8 


-0.014 18308.374(7) 


12 


0.006 19857.301(6) 


15 


-0.011 


2 16755.611(11) 


8 


-0.011 18365.854(9) 


14 


-0.004 19912.998(10) 


12 


0.002 


3 16844.912(9) 


8 


-0.002 18451.709(7) 


13 


-0.019 19996.263(6) 


16 


-0.013 


4 16963.424(13) 


5 


-0.004 18565.166(10) 13 


0.004 20106.670(9) 


14 


0.000 


5 17110.685(9) 


4 


-0.005 18703.797(7) 


12 


-0.017 20243.786(7) 


12 


-0.006 


6 17286.063(13) 


4 


-0.013 18884.047(15) 


3 


-0.007 20407.009(11) 


7 


0.001 


7 17488.918(10) 


4 


0.002 19076.671(10) 


4 


0.009 20595.676(8) 


6 


0.004 


8 17718.453(14) 


4 


-0.023 19297.282(14) 


4 


-0.002 20809.051(12) 


5 


-0.011 


9 17973.850(12) 


3 


-0.030 19543.237(11) 


3 


0.023 21046.331(10) 


4 


-0.001 


10 18254.078(18) 


3 


-0.048 






21306.503(13) 


3 


-0.023 


11 18557.648(15) 


2 


-0.078 






21588.485(18) 


1 


0.015 


12 18885.46(2) 1 

V = 3 


-0.050 


V = 4 


21891.41(3) 


1 


-0.010 


N EnvN 




AE 


EnvN 




Ah 






1 21343.795(7) 


15 


-0.005 22769.695(7) 


14 


-0.015 






2 21397.294(11) 14 


0.006 22821.398(10) 15 


0.002 






3 21477.206(7) 


16 


0.004 22898.632(7) 


15 


-0.012 






4 21583.081(11) 


14 


-0.001 23000.957(10) 16 


-0.007 






5 21714.214(8) 


14 


0.006 23127.895(7) 


15 


-0.005 






6 21868.935(14) 


5 


-0.025 23278.629(11) 


14 


0.001 






7 22046.649(17) 


1 


-0.009 23451.647(9) 


11 


0.003 












{lsa3da)g^T.+ 








V = 




V = 1 


V = 2 




N EnvN 




AE 


EnvN 


riu 


AE EnvN 




AE 


16716.76(3) 


2 


0.040 


18225.643(18) 


1 


0.017 19649.58(3) 


2 


0.030 


1 16731.26(2) 


5 


0.009 


18242.564(13) 


6 


0.046 19662.30(2) 


4 


0.070 


2 16761.132(14) 


9 


-0.022 


18269.116(9) 


9 


0.034 19690.525(19) 


6 


0.045 


3 16809.506(19) 


7 


-0.006 


18315.063(14) 


8 


0.037 19737.40(2) 


5 


0.120 


4 16880.015(17) 


6 


-0.005 


18383.349(10) 


8 


0.041 19805.556(18) 


6 


0.054 


5 16974.92(2) 


4 


-0.030 


18475.553(13) 


8 


0.027 19896.30(2) 


6 


0.053 


6 17095.52(2) 


4 


-0.060 


18592.497(12) 


7 


-0.007 20010.457(10) 


6 


0.083 


7 17242.11(2) 


4 


-0.001 


18734.375(16) 


4 


0.025 20148.302(14) 


5 


0.048 


8 17414.75(2) 


3 


-0.100 


18901.123(13) 


3 


-0.003 20309.845(11) 


3 


-0.015 


9 17612.97(3) 


2 


0.020 


19093.108(17) 


1 


20494.868(17) 


3 


0.092 


10 17836.31(2) 


3 


-0.130 


19309.527(17) 


1 


20702.83(7) 


2 




11 18084.04(3) 


2 


0.010 






20933.73(6) 


1 




12 18355.33(3) 


2 


-0.180 












13 18649.99(4) 


2 


0.010 












14 18964.55(7) 


1 














15 19300.83(6) 


1 














16 19656.91(8) 


1 
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Table HB (Continued.) 

V = 3 V = 4 



N EnvN 


riu 


AE 


EnvN 




AE 


20982.138(17) 


1 


0.052 








1 20996.599(14) 


3 


0.091 


_ 






2 21027.241(9) 


6 


0.029 


22276.495(14) 


3 


0.085 


3 21075.984(15) 


6 


0.156 


22327.149(19) 


2 


0.001 


4 21144.762(10) 


6 


0.038 


22397.125(17) 


2 


0.125 


5 21234.849(15) 


4 


0.071 


22487.30(2) 


1 


0.079 


6 21347.112(15) 


3 


0.108 


22598.58(2) 


1 


-0.010 


7 21481.78(5) 


2 


0.070 








8 21639.07(3) 


1 


0.030 








9 21818.86(3) 


1 


-0.030 








10 22020.93(3) 


1 


0.070 









{lsa3dTT)i^U- 

v=0 v=l v=2 



N 


EnvN 


riu 


AE 


EnvN 






AE 


EnvN 


riu 


AE 


1 


16968.914(17) 


4 


-0.004 


18497, 


.025(19) 


5 





.025 


19952.756(14) 


6 


0.034 


2 


17017.47(2) 


5 


-0.032 


18545, 


.33(2) 


9 





.076 


20000.436(15) 


9 


0.124 


3 


17091.044(17) 


5 


-0.014 


18618, 


.163(16) 


8 





.017 


20072.116(12) 


8 


0.054 


4 


17190.22(2) 


5 


0.007 


18715, 


.65(2) 


7 





.074 


20167.775(15) 


7 


0.055 


5 


17315.208(16) 


4 


-0.068 


18838, 


.130(16) 


7 





.020 


20287.31(2) 


4 


0.190 


6 


17466.29(2) 


5 


-0.034 


18985, 


.45(2) 


5 





.024 


20430.99(3) 


2 


0.110 


7 


17643.211(17) 


4 


-0.091 


19157, 


.50(2) 


4 





.010 


20598.47(4) 


2 


0.010 


8 


17845.71(2) 


4 


-0.000 


19353, 


.99(2) 


4 





.030 


20789.05(7) 


1 


0.060 


9 


18073.46(2) 


4 


-0.120 


19574, 


.38(2) 


3 





.010 


21002.86(6) 


2 


-0.500 


10 


18325.64(3) 


3 


0.010 


19818, 


.25(5) 


1 





.040 








11 


18601.48(3) 


3 


-0.140 


20084, 


.73(5) 


2 





.110 








12 


18900.26(4) 


3 


0.060 


















13 


19220.93(6) 


2 


-0.210 


















14 


19562.52(5) 


1 


0.080 


















15 


19923.94(7) 


1 





















V = 3 






V = 


4 




N EnvN 


AE 


EnvN 


riu 


AE 


1 21335.02(2) 


2 


0.050 


22626.81(3) 


2 


0.140 


2 21381.83(4) 


2 


0.130 


22689.88(4) 


1 


0.100 


3 21452.060(17) 


3 


0.030 


22755.33(4) 


1 


0.120 


4 21545.60(2) 


2 


0.078 


22846.55(4) 


1 


0.070 


5 21662.35(2) 


2 


0.070 








6 21802.26(3) 


3 


-0.060 








7 21964.76(2) 


3 


0.030 








8 22148.61(4) 


1 


-0.030 








9 22351.80(3) 


1 


0.020 
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Table HB (Continued.) 

{lsa3dTryU+ 

v=0 v=l v=2 



N EnvN 


riu 


AE 


EnvN 


riu 


AE 


EnvN 


riu 


AE 


1 16998.00(2) 


4 


0.024 


18539.50(2) 


5 


0.040 








2 17086.474(17) 


5 


-0.014 


18617.862(19) 


6 


0.008 


20033.06(2) 


5 


0.070 


3 17202.627(19) 


5 


-0.007 


18725.790(19) 


7 


0.010 


20130.70(3) 


3 


0.080 


4 17343.627(15) 


6 


-0.047 


18860.377(15) 


7 


0.033 


20254.70(3) 


5 


0.040 


5 17508.18(2) 


4 


-0.026 


19019.62(2) 


7 


0.048 


20403.22(4) 


3 


-0.030 


6 17695.856(15) 


5 


-0.086 


19202.388(17) 


7 


-0.018 


20597.14(5) 


1 


0.050 


7 17906.63(2) 


4 


-0.011 


19407.97(2) 


6 


-0.044 


20795.15(5) 


1 


0.140 


8 18140.58(2) 


3 


-0.110 


19635.73(2) 


5 


0.030 


20984.82(5) 


1 


0.050 


9 18397.46(2) 


3 


0.010 








21258.76(6) 


1 


_ 


10 18676.88(5) 


2 


0.000 








_ 






11 18978.67(4) 


1 


0.040 








_ 






V = 3 






V = 4 












N EnvN 


riu 


AE 


EnvN 




AE 








1 21344.541(12) 


2 


0.059 22632.03(5) 


1 


0.030 








2 21408.795(16) 


3 


0.025 22704.67(5) 


1 


0.150 








3 21501.76(2) 


2 


0.096 22791.80(3) 


2 


0.060 








4 21621.287(18) 


3 


0.103 22902.73(5) 


1 


0.010 








5 21765.15(2) 


2 


0.090 23037.01(4) 


1 


0.080 








6 21932.05(3) 


1 


0.060 














7 22120.72(5) 


2 


0.060 




















{lsa3d6)fA- 










V = 






V = 1 






V = 2 






N EnvN 


riu 


AE 


EnvN 


rii, 


AE 


EnvN 


riu 




2 17401.30(2) 


3 


-0.011 


18988.127(15) 


7 


0.023 


20511.143(13) 


8 


-0.003 


3 17501.830(13) 


5 


-0.030 


19082.632(11) 


9 


0.008 


20599.883(9) 


7 


0.047 


4 17633.75(2) 


3 


-0.011 


19207.051(15) 


8 


0.039 


20717.119(14) 


6 


0.091 


5 17795.867(14) 


4 


-0.117 


19360.402(16) 


6 


-0.002 


20862.015(15) 


5 


0.085 


6 17986.81(2) 


3 


-0.010 


19541.628(18) 


6 


0.032 


21033.45(2) 


4 


0.062 


7 18205.55(2) 


3 


-0.090 


19749.568(17) 


4 


0.012 


21230.52(2) 


3 


0.060 


8 18450.74(2) 


3 


0.000 


19983.01(3) 


2 


-0.010 


21452.03(2) 


3 


0.130 


9 18721.33(2) 


3 


-0.110 


20240.85(2) 


3 


0.010 


21691.00(8) 


1 


-0.450 


10 19016.08(3) 


3 


0.020 


20522.00(6) 


3 


-0.420 


21963.82(5) 


1 


0.080 


11 19333.82(3) 


2 


-0.150 


20779.34(6) 


1 


0.110 








12 19673.28(4) 


2 


0.050 














13 20033.26(6) 


3 


0.100 














14 20413.03(5) 


3 


0.080 














15 20810.64(7) 


2 


0.100 
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Table JVl (Continued.) 



{lsa3d5)fA- 


V = 3 




V = 


-- 4 


V = 5 


N EnvN ny 


A£' EnvN 




AS S„^iv AS 


2 21971.433(16) 


4 


0.087 23370.57(3) 


3 


0.070 24709.17(5) 2 0.070 


3 22054.903(15) 


3 


0.087 23448.57(3) 


3 


0.090 


4 22165.210(16) 


4 


0.080 23551.78(4) 


2 


0.060 


5 22301.619(15) 


2 


0.041 23679.34(4) 


2 


0.030 


6 22463.39(2) 


2 


0.040 23830.38(4) 


2 


0.060 


7 22649.128(18) 


3 


0.032 






8 22858.24(3) 


3 


-0.020 






9 23089.12(2) 


3 


0.060 







(lgcj3d(^)j^A+ 

v=0 v=l v=2 



N EnvN 






AS 


EnvN 


riy 


AS 


s 


nvN 


riy 


AS 


2 17401.988(16) 


5 


-0 


.028 


18988.476(15) 


6 


0.034 










3 17504.77(2) 


4 


-0, 


.009 


19084.110(17) 


6 


0.031 


20600 


.596(17) 


6 


0.084 


4 17641.516(16) 


4 


-0, 


.046 


19211.121(14) 


6 


0.009 


20719 


.229(13) 


6 


0.051 


5 17811.24(2) 


4 


-0 


.021 


19368.829(19) 


5 


0.041 


20866 


.399(17) 


6 


0.051 


6 18012.486(19) 


4 


-0 


.086 


19556.203(17) 


4 


-0.003 


21041 


.275(15) 


6 


0.085 


7 18243.37(2) 


4 


0, 


.011 


19771.96(2) 


3 


0.060 


21242 


.90(2) 


3 


0.135 


8 18502.08(2) 


3 


-0 


.100 


20014.53(2) 


2 


-0.020 


21469 


.95(2) 


3 


0.070 


9 18786.62(2) 


3 





.020 


20282.40(6) 


2 


-0.140 


21721 


.25(4) 


2 


0.060 


10 19095.39(2) 


3 


-0, 


.130 


20573.72(3) 


2 


-0.010 


21963 


.93(6) 


1 


0.180 


11 19426.70(4) 


2 





.070 








22251 


.87(5) 


2 


0.060 


12 19778.99(6) 


2 




















14 20542.39(7) 


1 





















V = 3 



N EnvN 


n-u 


AS 


3 22054.98(2) 


1 


0.219 


4 22166.237(14) 


2 


0.073 


5 22303.73(2) 


2 


0.102 


6 22467.105(15) 


3 


0.045 


7 22655.13(3) 


2 


-0.020 


8 22864.05(2) 


2 


0.040 
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Table IB (Continued.) 



V = 




V = 1 




V = 2 






N EnvN riy 


A£' EnvN 








AE 


20546.04(3) 


2 


nnin 99nQ8 97qi'i^'> 

u.uxu ^^yj\)o . Li i ) 


Q 
O 




Q 

o 


U.UUO 


1 20574.22(2) 


3 


0.000 22125.052(8) 


6 


-0.002 23610.648(8) 


8 


-0.008 


2 20630.49(2) 


3 


-0.020 22178.513(12) 


6 


0.007 23661.968(13) 


8 


-0.012 


3 20714.33(2) 


4 


-0.010 22258.589(10) 


6 


0.011 23738.768(9) 


8 


-0.008 


4 20826.53(3) 


3 


-0.020 22364.982(14) 


4 


-0.002 






5 20965.48(3) 


2 


-0.020 22498.24(2) 


1 


0.000 






6 21132.93(3) 


1 


-0.020 




- 










(Iscr4p7r)/c3n~ 








V = 




V = 1 




V = 2 






N EnvN 


t\E EnvN 




A£' EnvN 


ny 


b.E 


1 22352.55(2) 


2 


-0.010 23944.24(2) 


3 


-0.010 25471.756(11) 


3 


0.004 


2 22411.58(3) 


1 


-0.010 24001.12(2) 


3 


-0.000 25526.500(8) 


3 


0.000 


3 22499.86(2) 


2 


n non 94086 i4i'9'i 


O 


0.020 25608.353(12) 


3 


0.007 


4 22617.030(18) 


2 


-0.010 24198.95(2) 


3 


n 040 9571 7 0fi7l'8'> 


(J 


01 3 


5 22762.67(2) 


2 


-0.017 24339.22(2) 


2 


0.010 25851.95(2) 


2 


0.012 


6 22936.095(18) 


2 


-0.005 24506.28(2) 


3 


0.040 26012.834(17) 


1 


0.026 


7 23136.84(2) 


2 


-0.009 24699.52(3) 


2 


-0.010 26218.48(2) 


1 


0.021 


8 23363.93(4) 


2 


0.070 24918.30(3) 


2 


-0.010 26428.416(17) 


1 


0.034 


9 23616.73(3) 


1 


-0.040 




- 






10 23893.28(3) 


1 


-0.020 




- 






V = 3 




V = 4 




V = 5 






N EnvN f^y 


A£' EnvN 




A£' EnvN 


ny 


AE 


1 26936.564(16) 


3 


0.016 28340.25(2) 


3 


006 29684 04('2l 


4 


0.050 


2 26989.264(13) 


3 


0.016 28390.90(2) 


2 


-0.000 29732.66(2) 


4 


0.020 


3 27067.994(16) 


3 


0.026 28466.60(2) 


3 


0.014 29805.36(2) 


3 


0.010 


4 27172.580(13) 


3 


0.020 28567.193(17) 


3 


0.017 29902.58(2) 


3 


-0.080 


5 27302.439(16) 


3 


0.011 28691.97(2) 


3 


0.031 30022.09(4) 


2 


-0.020 


6 27457.110(17) 


3 


0.090 28840.755(17) 


3 


0.025 30164.82(3) 


2 


0.020 


7 27645.91(2) 


1 


-0.010 29012.29(15) 


2 


0.110 






V = 6 















N EnvN riy AE 



1 30969.193(15) 4 -0.017 

2 31015.925(12) 4 -0.015 
3 

4 31178.648(15) 3 0.018 
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Table IB (Continued.) 







V = 


V = 1 


V = 2 


N 


EnvN AE 


EnvN AE 


EnvN AE 



1 22353.203(13) 4 

2 22413.471(18) 3 

3 22503.474(14) 4 

4 22622.76(2) 3 

5 22770.738(18) 2 

6 22946.58(2) 2 

7 23149.81(4) 2 



-0.003 23944.921(16) 
-0.011 24003.076(18) 
-0.004 24089.428(16) 
-0.019 24205.036(19) 
-0.018 24347.785(15) 
-0.010 
0.070 



5 -0.011 25472.366(8) 5 -0.026 

6 0.004 25528.246(10) 6 0.004 
6 0.012 25611.819(8) 5 0.041 
6 -0.006 25723.05(8) 2 -0.030 
6 -0.005 25859.729(12) 3 0.051 



v=3 v=4 v=5 



N EnyN 


Uy 


AE EnvN 


riu 


AE EnvN 


AE 


1 26937.058(10) 


6 


0.002 28340.580(13) 


6 


0.020 29684.119(15) 8 


0.011 


2 26990.667(16) 


3 


0.003 28391.843(16) 


6 


0.027 29734.57(3) 2 


0.030 


3 27070.857(13) 


4 


0.013 28468.587(13) 


6 


0.023 29806.15(3) 3 


0.010 


4 27176.90(2) 


1 


0.010 28570.161(17) 


6 


-0.011 29902.86(2) 3 


0.020 


5 




28696.175(14) 


6 


0.035 







V = 









V = 1 




V = 


2 




N EnvN 


riy 


AE 


EnvN 




AE EnvN 


riy 


AE 


22356, 


.94(8) 


1 


0.000 














1 22365 


.59(4) 


4 


0.010 














2 22375, 


.62(3) 


7 


0.010 


23923 


.480(12) 


5 


-0.030 25400.60(2) 


8 


0.000 


3 22408, 


.68(4) 


5 


-0.000 


23956 


.312(15) 


5 


0.068 25433.81(3) 


5 


0.150 


4 22469, 


.00(3) 


6 


-0.080 


24015 


.191(12) 


4 


0.019 25491.71(4) 


4 


0.020 


5 22557, 


.12(5) 


3 


0.020 


24100, 


.784(16) 


4 


0.016 25574.82(5) 


2 


0.080 


6 22673, 


.57(6) 


3 


-0.170 


24213 


.149(16) 


3 


0.041 25683.53(6) 


1 


0.100 


7 22817, 


.46(5) 


2 


-0.010 


24352 


.05(2) 


1 


0.016 25817.57(9) 


1 


0.060 


8 22988, 


.92(11) 


1 


-0.060 


24517 


.13(3) 


1 


0.010 25976.53(7) 


1 


0.050 


9 23186, 


.92(8) 


1 


0.020 


24707, 


.83(3) 


1 


0.060 






10 23410, 


.94(8) 


1 


-0.120 















V = 3 




V = 


4 




N EnvN ny 


AE EnvN 


riy 


AE 


2 26807.780(13) 


2 


0.050 28145.08(2) 


2 


0.090 


3 26841.719(18) 


2 


0.091 28180.05(3) 


1 


0.010 


4 26898.831(14) 


2 


0.039 28236.55(3) 


1 


0.130 


5 26979.751(18) 


2 


0.089 28315.59(3) 


1 


0.080 


6 27084.998(18) 


1 


0.092 28417.54(3) 


1 


-0.010 


7 27214.33(3) 


1 


0.110 28542.28(3) 


1 


0.060 


8 27367.55(2) 


1 


0.030 







Table lYl (Continued.) 



{lsaAdiT)r 




g (Iscr4(i7r)r 


3n+ {lsaM5)s' 


'A, 


9 


V = 




V = 




V = 






N EnvN fly 


AE' -EnDAT 


Uy 


AE' ii^nDAr 


A^ 


1 22489.55(4) 


3 


0.000 




- 






2 22517.93(3) 


3 


-0 000 22603 44('3'l 


4 


-0.030 22673.64(3) 


3 


040 


3 22576.61(4) 


3 


-0.020 22693.53(3) 


4 


0.000 22788.44(2) 


3 


-0.030 


4 22664.80(3) 


3 


-0.020 22810.90(3) 


3 


-0.060 22931.97(3) 


3 


-0.030 


5 22781.49(4) 


3 


-0.070 22955.91(3) 


4 


-0.030 23102.90(4) 


1 


-0.090 


6 22926.01(3) 


3 


-0.010 23128.28(3) 


3 


-0.080 






7 23098.12(3) 


3 


-0.070 23327.58(3) 


3 


-0.000 










(Iscj5p7r)n^ 










V = 




V = 1 




V = 2 






N EnvN fly 


AE' EnvN 


Uy 


AE EnvN 


A^ 


1 24929.62(3) 


2 


-0.010 26514.60(2) 


3 


-0.008 28035.75(2) 


3 


-0.072 


2 24988.47(3) 


2 


-0.020 26571.256(19) 


3 


-0.006 28090.321(15) 


3 


-0.031 


3 25076.46(3) 


2 


-0.010 26655.98(2) 


3 


0.005 28171.907(19) 


3 


-0.037 


4 25193.30(3) 


2 


-0.020 26768.478(19) 


3 


-0.018 28280.175(16) 


3 


0.005 


5 25338.45(3) 


2 


-0.020 26907.97(6) 


2 


0.130 28414.75(4) 


2 


-0.070 


6 25511.33(4) 


2 


-0.030 




28575.12(4) 


1 


0.010 


7 25711.32(4) 


1 


-0.020 










8 25937.90(4) 

V = 3 


1 


-0.010 










N EnvN ny 


A^ 










1 29495.648(12) 


3 


-0.048 










2 29548.272(9) 


3 


-0.022 










3 29626.879(12) 


2 


0.011 










4 29731.222(9) 


3 


-0.002 
















n+ 








V = 




V = 1 




V = 2 






N EnvN flu 


AE' EnvN 


Uy 


AE EnvN ny 


AE 


1 24930.13(2) 


4 


-0.010 26514.93(2) 


4 


-0.010 28035.803(12) 


4 


0.007 


2 24990.09(2) 


4 


0.010 26572.23(2) 


4 


-0.010 28090.59(2) 


4 


-0.005 


3 25079.62(2) 


4 


0.020 26657.93(2) 


4 


0.010 28172.574(12) 


4 


-0.034 


4 25198.29(3) 


4 


0.010 26771.55(2) 


4 


0.000 28281.220(15) 


4 


-0.010 


5 25345.53(4) 


1 


-0.010 26912.57(3) 


2 


0.080 28416.24(8) 


2 


-0.010 
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Table JVl (Continued.) 
V = 



N EnvN 


riu 




AE 


2 24936.06(2) 


2 


-0 


010 


3 24963.90(2) 


2 


-0 


040 


4 25021.59(3) 


1 


-0 


030 


5 25108.37(3) 


1 


-0 


030 


6 25223.95(4) 


1 


-0 


090 


7 25367.75(3) 


1 


-0 


020 


8 25539.29(3) 


1 


-0 


090 


9 25737.64(3) 


1 





020 


10 25962.35(3) 


1 


-0 


120 


11 26212.38(3) 


1 





010 


12 26486.88(4) 


1 


-0 


170 



(Iscr6p7r)'u^n„ 



V = 


V = 1 


V = 


2 




N EnvN riy 


AE EnvN riy 


AE EnvN 


riy 


AE 


1 26316.19(5) 1 


-0.010 27895.776(19) 3 


-0.036 29409.35(2) 


3 


0.010 


2 26374.99(5) 1 


-0.010 27952.365(15) 3 


-0.025 29463.69(2) 


3 


-0.010 


3 26462.94(5) 1 


-0.010 28036.928(19) 3 


0.022 29544.93(2) 


3 


0.040 


4 26579.45(5) 1 


-0.010 28149.142(15) 3 


-0.022 29652.73(2) 


2 


0.120 


5 26724.32(5) 1 


-0.020 28288.526(19) 2 


-0.006 29786.57(2) 


1 


-0.000 


6 


28454.714(16) 2 


-0.024 29946.02(3) 


1 


0.010 


(Isa6p7r)u3n+ {IsaQdafT."^ 






V = 


V = 








N EnvN ny 


AE EnvN ny 


AE 






1 27896.78(3) 2 


-0.010 








2 


26311.38(7) 1 


0.000 






3 


26337.96(5) 1 


0.010 






4 


26395.19(5) 1 


-0.030 






5 


26481.91(7) 1 


-0.030 






6 


26597.61(5) 1 


-0.090 






7 


26739.76(5) 1 


-0.020 







Table lYl (Continued.) 





( 






(Iscj7d7r)3n 


u 


V = 





V = 


1 


V = 







N EnvN 


riu 


AE EnvN 


riu 


AE EnvN 


flu 


AE 


1 27149.29(5) 


1 


-0.010 28727.59(5) 


1 


-0.010 






2 27207.37(5) 


1 


-0.010 28784.23(5) 


1 


-0.010 27136.91(5) 


1 


0.000 


3 




28868.69(5) 


1 


0.000 27163.62(5) 


1 


0.010 


4 27411.74(5) 


1 


-0.010 28980.94(5) 


1 


-0.010 27221.01(5) 


1 ■ 


-0.030 


5 27556.07(5) 


1 


-0.020 29120.28(5) 


1 


0.000 27307.97(5) 


1 ■ 


-0.030 


6 
6 








27423.94(7) 


1 ■ 


-0.090 


{IsaSpirfU- {lsa8dafj:+ 






V = 





V = 











N EnvN 


riu 


AE EnvN 




AE 






1 27686.17(5) 


1 


-0.010 27669.56(5) 


1 


-0.000 






2 27744.93(5) 


1 


-0.010 27696.69(5) 


1 


0.010 






3 27832.64(5) 


1 


-0.010 27754.51(5) 


1 


-0.030 






4 27949.01(5) 


1 


-0.010 27841.64(5) 


1 


-0.030 






5 




27957.80(5) 


1 


-0.090 






6 




28102.62(5) 


1 


-0.020 






{lsa9pirfU~ {lsa9dafj:+ 






V = 





V = 











N EnvN 


rtu 


AE EnvN 


riu 


AE 






2 28054.07(5) 


1 


-0.010 28034.25(5) 


1 


0.000 






3 28112.48(5) 


1 


-0.010 28061.78(5) 


1 


0.010 






4 28200.41(5) 


1 


-0.010 28119.65(5) 


1 


-0.030 






5 28316.73(5) 


1 


-0.010 28207.40(5) 


1 


-0.030 






6 28460.86(5) 


1 


-0.020 28324.48(5) 


1 


-0.090 







